REMARKS 

Status of the Claims 

The application as filed contained claims 1-23. Responsive to a restriction requirement, 
including species election, applicants have elected to pursue claims 1 - 3, 5 - 12, and 17 - 19. 
Applicants, therefore, hereby confirm the election of these claims for further prosecution. 

The Action has rejected claims 1 - 3, 5 - 12, and 17-19 under various statutory 
grounds. Currently no claims stand allowed. Applicants have added new claims 24 and 25 by 
amendment herewith. Support for these claims is amply provided in the specification as filed, 
particularly in Example 3. Consequently, no new matter has been added to the application. 

Applicants respectfully submit the following remarks and urge that all of the claims stand 
in a condition for allowance, which action is respectfully requested. 

Objection to Drawings 

The Action has indicated an objection to the drawing for Figure 1 on the basis that the 
legend fro the ordinate access is not legible. Applicants hereby acknowledge said objection and 
further indicate that, upon receipt of a Notice of Allowance for the instant application, will 
submit a corrected drawing addressing the noted problem. 

Rejections of the Claims 

35U.S.C. SI 02(b) (Ross et al) 

The Action has rejected claims 1-3, 7-9, 12, and 17-19 as allegedly being anticipated by 
Ross et al, Pain 84: 421-428 (2000) ("Ross"). The Action has characterized Ross as disclosing 
methods of administering sub-analgesic amounts of morphine and oxycodone followed by an 
observation of a marked antinociceptive synergy. The Action concluded that "Ross et al 
intrinsically reduces the risk associated with the administration of opioid analgesics in patients," 
and reads on the cited claims. Applicants respectfully traverse. 

Although the data disclosed in Ross et al 9 in accord with the Action's characterization, 
disclose the antinociceptive synergy arising from compositions comprising oxycodone and 
morphine, it is clear that this result was the sole investigative goal of the work. The reference 
provides no substantive data on the impact of the synergistic analgesic compositions on expected 
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side effects such as respiratory depression, which impact is at the core of the invention disclosed 
and claimed in the instant application. Indeed, the very analgesic synergy disclosed in the Ross 
et al reference would lead one of ordinary skill in the appropriate art to expect a concomitant 
level of synergy with respect to side effects of this sort. The widely-accepted reference, 
Goodman and Gilman's The Pharmacological Basis of Therapeutics, 10 lh Ed., New York: 
McGraw-Hill (2001) (see copy of Chapter 23, "Opioid Analgesics," attached hereto as Exhibit 
A) unequivocally states, on page 579, in the context of the use of mixed opioid compositions to 
reduce the occurrence of side effects such as respiratory depression, that "for the same degree of 
analgesia, the same intensity of side effects will occur ." (Emphasis added.) 

The results disclosed in the instant application clearly provide an unexpected benefit from 
mixed-opioid compositions not predicted by the prior art. The disclosure of Ross et al is 
directed to the foundation observation that analgesic synergy is possible with compositions 
comprising mixed |i- and K-opioid agonists. Any comments directed to possible implications on 
side effects such as respiratory depression are mere speculation - - speculation, as indicated 
above, that flies in the face of accepted prior art wisdom. The proof of an unexpected decrease 
in side effects such as respiratory depression, in a synergistically analgesic mixed-opioid 
composition, has never been disclosed until the instant application. Thus, the instant application 
is the first disclosure to establish that it is possible to achieve both analgesia and a reduction in 
respiratory depression with a composition of mixed \i- and K-opioid agonists. 

The Action, in rejecting claims 1 - 3, 7 - 9, 12, and 17-19 over Ross et al, stated that 
"the method disclosed by Ross et al. intrinsically reduces the risk associated with the 
administration of opioid analgesics in patients," further citing to disclosed dosing ratios of 
oxycodone to morphine. Applicants respectfully disagree. To begin with, Applicants point out 
that the dosing ratios of the compositions for which data is provided in Ross et al do not overlap 
with those of disclosed and claimed in the instant application, particularly in light of newly 
added claims 24 and 25. Nor is the mass ratio of one opioid to the other in the composition a 
minor issue. Looking at extremes of relative loading, even without a clear picture of the 
mechanism of synergy between the ^i- and K-opioid agonists, it is logical that, as a composition 
approaches a preponderance of one or the other opioid component, then the opportunity for 
synergy decreases, until the composition begins to function as if it contains only a single opioid 
component. Given that each of the single opioid components is present at a sub-analgesic level, 
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the clinical result would be ineffectiveness for its intended analgesic purpose. Thus, a threshold 
question arises: what is the minimum ratio of |i- and K-opioid agonists necessary to create 
sufficient synergy to achieve the primary analgesic effect? Perhaps more importantly, in terms 
of the instant invention, is at what relative component ratios is it possible to achieve both 
analgesic synergy and a reduction in side effects such as respiratory depression? 

It is unlikely that data yet exists on where the absolute limits of composition capable of 
analgesic synergy lie. The disclosure of Ross et al addresses where within those limits 
analgesically effective compositions may be formulated. However, there is nothing disclosed in 
the Ross et al reference (or any other reference cited in the Action) on where within those 
extremes of composition is it possible to achieve both analgesic synergy and a reduction in 
respiratory depression. 

Looking at the specific compositions disclosed in Ross et al, the first route of 
administration involved intracerebroventricular (i.c.v.) delivery of the compositions directly into 
the test animal's cerebrospinal fluid via a surgically-inserted cannula. The compositions 
delivered by this route are described as comprising 40 nmol of oxycodone and 15 nmol of 
morphine, when delivered in combination. Converting these amounts to appropriate mass 
quantities in grams, based on literature values for the molecular weight of the hydrochloride salts 
of both active ingredients, the resulting mass ratio of oxycodone to morphine is approximately 
2.5:1 (2.464:1). This is a ratio this is substantially beyond that disclosed and claimed in the 
instant application. However, Applicants point out that this particular route of administration 
(directly bypassing the blood/brain barrier) significantly affects any observed results from this 
composition and cannot be, as would be recognized by one of ordinary skill in the relevant art, 
extrapolated to systemic routes of delivery. The Ross et al reference specifically acknowledges 
this (see, for example, p. 422). 

In looking at the other compositions disclosed in the reference, the relative mass loadings 
of oxycodone and morphine are considerably different from the instant invention. For 
intraperitoneal (i.p.) delivery, the compositions comprised 571 nmol of morphine and 621 nmol 
of oxycodone. Converting to mass units, this represents a 1:1 mass ratio between the 
components. For subcutaneous (s.c.) delivery, as referenced in the Action, compositions are 
described in terms of the ED 50 (providing half maximal response) dose determined from the 



NYl 32529v 1 07/27/07 



-7- 



individual doses of oxycodone and morphine. Figure 3 of the reference depicts the data on 
which the authors based this determination. The ED50 result was calculated to be 2.8 mg/kg 
oxycodone and 8.5 mg/kg morphine. Using these figures, relative mass ratios for the 
compositions administered to the test animals resulted in oxycodone to morphine ratios ranging 
from 1:9 to 1:1. The mass ratios in these compositions, again, are significantly different from 
those disclosed and claimed in the instant application. The significance of this difference is 
emphasized by the recognition in the art (see Goodman and Gilman's, attached; Ross et al) that 
CNS effects such as respiratory depression are mediated through the ja-opioid receptors, those to 
which morphine binds. If looked to at all for utility in diminishing respiratory depression 
(counter to then art-accepted principles), the teachings of Ross et al would be undesirable for 
such effect. 

On this basis, Applicants respectfully submit that the cited reference does not adversely 
impact the patentability of the claims in questions and urges immediate allowance of same. 

35 U.S.C. $ 102(b) (Smith et al WO '438) 

The Action has rejected claims 1 - 3, 5, 7 - 12 and 17 - 19 under 35 U.S.C. § 102(b) as 
allegedly being anticipated by Smith et al Applicants respectfully traverse. 

As addressed above in respect to the disclosures of the Ross et al reference, the 
disclosure of the Smith et al reference is directed solely to the analgesic synergy arising from 
compositions comprising mixtures of |i- and K-opioid agonists. The reference does not disclose 
any objective data supporting a reduced occurrence of side effects, such as respiratory 
depression, from administration of the compositions. As also pointed out above, prior to the 
instant application, the accepted wisdom in the prior art was that any composition displaying an 
increased analgesic effect would also display an accompanying increase in undesirable side 
effects (such as respiratory depression). A mere suggestion that it "may be possible" with the 
disclosed compositions to achieve both analgesia and reduced side effects falls far short of the 
standard necessary for an anticipating disclosure. As for inherency, contrary to the assertion of 
the Action, the cited reference fails to disclose any data that would enable one of skill in the art 
to both recognize and to be able to select from among the wide range of compositions disclosed 
as displaying analgesic synergy those specific compositions that would also be capable of 
definitively reducing the occurrence of undesirable side effects such as respiratory depression. 
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Furthermore, determining the specific mass loadings of the disclosed compositions (see 
Examples 1 and 4) results in a 2.5:1 oxycodone:morphine ratio for i.e. v. administration, and 
ratios in the range of 1:9 to 1:1 oxycodone: morphine for systemic administration (see discussion 
of Ross et al, above). Data from other Examples likewise discloses compositions heavily 
weighted toward higher morphine:oxycodone mass ratios. These compositions are substantially 
different from those claimed in the instant application. 

Thus, the cited reference provides no objective teaching that the disclosed compositions, 
in fact, result in reduced side effects, nor do the specific compositions encompass the relative 
mass loadings of oxycodone and morphine disclosed and claimed in the instant application. On 
this basis, Applicants respectfully suggest that the cited reference does not adversely impact the 
patentability of the claims and urges the Examiner to move the application to allowance. 

35 U.S.C. $ 102(b) (Smith et al '072 patent) 

The Action has rejected claims 1 - 3, 5, 7 - 12 and 17 - 19 under 35 U.S.C. § 102(b) as 
allegedly being anticipated by Smith et al. ('072 patent). Applicants respectfully traverse. 

As with the Smith et al (WO '438) reference discussed immediately above (which 
reference is a foreign counterpart to the instant reference and, thus, shares a common disclosure), 
the cited reference falls far short of anticipating the instant claims. The reference's disclosure is 
limited solely to the analgesic synergy between |i- and K-opioid agonists and fails to provide any 
teaching establishing that the disclosed compositions are capable of reducing the occurrence of 
side effects such as respiratory depression. Nor does the reference disclose or even suggest how 
to select from among the numerous compositions disclosed those that would be capable of both 
providing analgesic synergy and a reduction in undesirable side effects. On this basis, 
Applicants respectfully submit that the cited fails reference fails to anticipate the instant claims 
and requests the examiner to withdraw the instant rejection. 

35 U.S.C. $ 103(a) (Smith et al WO '438) 

The Action has rejected claims 1 - 3, 5 - 12 and 17 - 19 under 35 U.S.C. § 1 02(b) as 
allegedly being anticipated by Smith et al (WO '438). Applicants respectfully traverse. 

The Action has cited the reference on the basis that the reference allegedly motivates one 
of skill in the art to substitute oxymorphone for morphine in the compositions disclosed therein. 
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Applicants point out that oxymorphone, like morphine, is a ^i-opioid agonist. In light of this, the 
arguments presented above with respect to references disclosing combinations of morphine and 
oxycodone apply equally well to compositions comprising oxymorphone and oxycodone. 
Furthermore, as addressed in previous communications with the Examiner in response to earlier- 
issued restriction requirements, the structural backbone of various opioids and derivatives does 
not control the physiological properties of such species relevant to the instant invention. Thus, 
the structural similarity between morphine and oxymorphone, to the extent relevant at all, far 
from rendering the rejected claims obvious, merely serves to validate the logic of previously 
proffered arguments directed to morphine compositions disclosed in other cited references. On 
the basis of structural similarities, there would be no motivation to substitute one (^-opioid 
agonist for another, at similar mass loadings (adjusted for molecular weight differences) in a 
composition designed to minimize the side effects known to be regulated through (i-opioid 
receptors. On this basis, and for the reasons stated above with respect to other bases of rejection, 
Applicants respectfully submit that the claims as they now stand are patentable over the cited 
reference and in a condition for allowance. Applicants respectfully request such action. 



Respectfully submitted, 




Daniel F. Coughlin 
Registration No. 36,1 1 1 
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CHAPTER 23 



OPIOID ANALGESICS 



Howard B. Gutstein and Huda Akil 



Opioids have been the mainstay of pain treatment for thousands of years, and remain so 
today. Opioids exert their therapeutic effects by mimicking the action of endogenous opioid 
peptides at opioid receptors. Effects on both local neurons and intrinsic pain-modulating 
circuitry lead to analgesia, other therapeutic effects, and also to undesirable side effects. 
This chapter will provide the background necessary to understand the mechanisms of 
action and important pharmacological properties of clinically used opioids. First, the 
endogenous opioid system is discussed with a focus on the receptors and circuitry utilized 
by the opioids. A discussion of clinically used compounds follows, describing in detail their 
pharmacological properties and therapeutic uses. Routes of administration, pain treatment 
strategies, and current therapeutic guidelines also are presented. This information should 
provide a rational basis for understanding opioid actions, thereby reducing fear of opioid 
use and encouraging effective treatment of pain. 



OVERVIEW 

It is now well known that opioids such as heroin and mor- 
phine exert their effects by mimicking naturally occurring 
substances, termed endogenous opioid peptides or endor- 
phins. Much now is known about the basic biology of the 
endogenous opioid system and its molecular and biochem- 
ical complexity, widespread anatomy, and diversity. The 
diverse functions of this system include the best-known 
sensory role, prominent in inhibiting responses to painful 
stimuli; a modulatory role in gastrointestinal, endocrine, 
and autonomic functions; an emotional role, evident in 
the powerful rewarding and addicting properties of opi- 
oids; and a cognitive role in the modulation of learning 
and memory. The endogenous opioid system is complex 
and subtle, with a great diversity in endogenous ligands 
(over a dozen), yet with only four major receptor types. 
This chapter presents key facts about the biochemical and 
functional nature of the opioid system. This information 
then is used to establish a basis for understanding the ac- 
tions of clinically used opioid drugs and current strategies 
for pain treatment. 

Terminology. The term opioid refers broadly to all compounds 
related to opium. The word opium is derived from opos, the 
Greek word for juice, the drug being derived from the juice of 
the opium poppy, Papaver somniferum. Opiates are drugs de- 
rived from opium, and include the natural products morphine, 
codeine, thebaine, and many semisynthetic congeners derived 
from them. Endogenous opioid peptides are the naturally occur- 
ring ligands for opioid receptors. The term endorphin is used 



synonymously with endogenous opioid peptides, but also refers 
to a specific endogenous opioid, ^-endorphin. The term narcotic 
was derived from the Greek word for stupor. At one time, the 
term referred to any drug that induced sleep, but then it became 
associated with opioids. It often is used in a legal context to 
refer to a variety of substances with abuse or addictive potential. 

History. The first undisputed reference to opium is found in 
the writings of Theophrastus in the third century B.C. Arabian 
physicians were well versed in the uses of opium; Arabian 
traders introduced the drug to the Orient, where it was employed 
mainly for the control of dysenteries. During the Middle Ages, 
many of the uses of opium were appreciated. In 1680, Sydenham 
wrote: "Among the remedies which it has pleased Almighty God 
to give to man to relieve bis sufferings, none is so universal and 
so efficacious as opium." 

Opium contains more than 20 distinct alkaloids. In 1806, 
Serturner reported the isolation of a pure substance in opium that 
he named morphine, after Morpheus, the Greek god of dreams. 
The discovery of other alkaloids in opium quickly followed — 
codeine by Robiquet in 1832, and papaverine by Merck in 1848. 
By the middle of the nineteenth century, the use of pure al- 
kaloids rather than crude opium preparations began to spread 
throughout the medical world. 

In addition to the remarkable beneficial effects of opioids, 
the toxic side effects and addictive potential of these drugs also 
have been known for centuries. These problems stimulated a 
search for potent, synthetic opioid analgesics free of addictive 
potential and other side effects. Unfortunately, all of the syn- 
thetic compounds that have been introduced into clinical use 
share the liabilities of classical opioids. However, the search for 
new opioid agonists led to the synthesis of opioid antagonists 
and compounds with mixed agonist/antagonist properties, which 
expanded therapeutic options and provided important tools for 
exploring mechanisms of opioid actions. 
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SECTION ffl DRUGS ACTING ON THE CENTRAL NERVOUS SYSTEM 



Until the early 1970s, the endogenous opioid system was 
totally unknown. The actions of morphine, heroin, and other 
opioids as antinociceptive and addictive agents, while well de- 
scribed, often were studied in the context of interactions with 
other neurotransmitter systems, such as monoaminergic and 
cholinergic. Some investigators suggested the existence of a 
specific opioid receptor because of the unique structural re- 
quirements of opiate ligands (Beckett and Casy, 1954), but 
the presence of an opiate-like system in the brain remained 
unproven. A particularly misleading observation was that the 
administration of the opioid antagonist naloxone to a normal 
animal produced little effect, although the drug was effective 
in reversing or preventing the effects of exogenous opiates. 
The first physiological evidence suggesting an endogenous opi- 
oid system was the demonstration that analgesia produced by 
electrical stimulation of certain brain regions was reversed by 
naloxone (Akil et aL, 1972; Akil et aL, 1976). Pharmacologi- 
cal evidence for an opiate receptor also was building. In 1973, 
investigators in three laboratories demonstrated opiate binding 
sites in the brain (Pert and Snyder, 1973; Simon et al., 1973; 
Terenius, 1973). This was the first use of radioligand bind- 
ing assays to demonstrate the presence of membrane-associated 
neurotransmitter receptors in the brain. 

Stimulation-produced analgesia, its naloxone reversibility, 
and the discovery of opioid receptors strongly pointed to the 
existence of endogenous opioids. In 1975, Hughes and as- 
sociates identified an endogenous, opiate-like factor that they 
called enkephalin (from the head) (Hughes et aL, 1975). Soon 
after, two more classes of endogenous opioid peptides were 
isolated, the dynorphins and endorphins. Details of these dis- 
coveries and the unique properties of the opioid peptides have 
been reviewed previously (Akil et aL, 1984). 

Given the large number of endogenous ligands being dis- 
covered, it was not surprising that multiple classes of opioid 
receptors also were found The concept of opioid-receptor mul- 
tiplicity arose shortly after the initial demonstration of opiate 
binding sites. Based on results of in vivo studies in dogs, Martin 
and colleagues postulated the existence of multiple types of opi- 
ate receptors (Martin et aL, 1976). Receptor-binding studies and 
subsequent cloning confirmed the existence of three main recep- 
tor types, p., S, and k . A fourth member of the opioid peptide 
receptor family, the nociceptin/orphanin FQ (N/OFQ) receptor, 
was cloned in 1994 (Bunzow et aL, 1994; Mollereau et aL, 
1994). In addition to these four major classes, a number of 
subtypes have been proposed, such as epsilon, often based on 
bioassays from different species (Schulz et aL, 1979); iota (Oka, 
1980); lambda (Grevel and Sadee, 1983); and zeta (Zagon et aL, 
1989). In 2000, the Committee on Receptor Nomenclature and 
Drug Classification of the International Union of Pharmacology 
adopted the terms MOP, DOP, and KOP to indicate 8-, and 
k -opioid peptide receptors, respectively. The original Greek let- 
ter designation is used in this and other chapters. The Committee 
also recommended the term NOP for the N/OFQ receptor. 



ENDOGENOUS OPIOID 
PEPTIDES 

Three distinct families of classical opioid peptides have 
been identified: the enkephalins, endorphins, and dynor- 
phins. Each family is derived from a distinct precursor 



polypeptide and has a characteristic anatomical distrib 
tion. These precursors, preproopiomelanocortin, preprt> 
enkephalin, and preprodynorphin, are encoded by three 
corresponding genes. Each precursor is subject to com- 
plex cleavages and posttranslational modifications result- 
ing in the synthesis of multiple active peptides. The opi- 
oid peptides share the common amino-terminal sequence 
of Tyr-Gly-Gly-Phe- (Met or Leu), which has been called 
the "opioid motif." This motif is followed by various C- 
terminal extensions yielding peptides ranging from 5 to 
31 residues (Table 23-1). 

The major opioid peptide derived from proopiome- 
lanocortin (POMC) is ^-endorphin. Although /J-endorphin 
contains the sequence for met-enkephalin at its amino ter- 
minus, it is not converted to this peptide; met-enkephalin 
is derived from the processing of preproenkephalin. In 
addition to ^-endorphin, the POMC precursor also is pro- 
cessed into the nonopioid peptides adrenocorticotropic hor- 
mone (ACTH), melanocyte-stimulating hormone (a-MSH), 
and 0-lipotropin (/3-LPH). Previous biochemical work 
(Mains et aL, 1977) had suggested a common precursor 
for the stress hormone ACTH and the opioid peptide 0- 
endorphin. This association implied a close physiological 
linkage between the stress axis and opioid systems, which 
was validated by many studies of the phenomenon of stress- 
induced analgesia (Akil et aL, 1986). Proenkephalin con- 
tains multiple copies of met-enkephalin as well as a sin- 
gle copy of leu-enkephalin. Prodynorphin contains three 
peptides of differing lengths that all begin with the leu- 
enkephalin sequence: dynorphin A, dynorphin B, and neo- 
endorphin (Figure 23-1). The anatomical distribution of 
these peptides in the central nervous system (CNS) has 
been reviewed thoroughly by Mansour et al. (1988). 

A novel endogenous opioid peptide was cloned in 
1995 (Meunier et al., 1995; Reinscheid et al., 1995). This 
peptide has a significant sequence homology to dynorphin 
A, with an identical length of 17 amino acids, identical 
carboxy-terminal residues, and a slight modification of the 
amino-terminal opioid core (Phe-Gly-Gly-Phe instead of 
Tyr-Gly-Gly-Phe; see Table 23-1). The removal of this 
single hydroxyl group is sufficient to abolish interactions 
with the three classical opioid-peptide receptors. This pep- 
tide was called orphanin FQ (OFQ) by one group of in- 
vestigators and nociceptin (N) by another, because it low- 
ered pain threshold under certain conditions. The structure 
of the N/OFQ precursor (Figure 23-2) suggests that it 
may encode other biologically active peptides (Nothacker 
et aL, 1996; Pan et aL, 1996). Immediately downstream 
of N/OFQ is a 17-amino-acid peptide (orphanin-2), which 
also starts with phenylalanine and ends with glutamine but 
is otherwise distinct from N/OFQ, as well as a P utati *j 
peptide upstream from N/OFQ, which may be liberated 
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Thole 23-1 

Endogenous and Synthetic Opioid Peptides 



Selected Endogenous Opioid Peptides 



[Leu 5 ] enkephalin 
[Met^enkephalin 
Dynorphin A 

Dynorphin B 

a-Neoendorphin 
/J-Neoendorphin 
^h-Endorphin 



lyr-Gly-Gly-Phe-Leii 
lyr-Gly-Gly-Phe-Met 

Tyr-GIy-Gly-Phe-Leu-Arg-Arg-IIe-Arg-Pro-Lys- 

Leu-Lys-Trp-Asp-Asn-Gln 
lyr-Gly-Gly-Phe-Leu-Arg-Arg-Gln-Phe-Lys-Val- 

Val-Thr 

TVr-Gly-Gly-Phe-Leu-Arg-Lys Tyr-Pro-Lys 
Tyr-GIy-Gly-Phe-Leu-ArgLys-TVr-Pro 
iyr-GIy-GIy-Phe-Met-Thr-Ser-Glu-Lys-Ser-Gln- 
Thr~Pro-I^u-Val-Thr--Leu-Phe-Lys-Asn-Ala- 
Ile-De-Lys-Asn-Ala-IVr-Lys-Lys-Gly-Glu 



Novel Endogenous Opioid-Related Peptides 
Orphanin FQ/Nociceptin Phe-Gly-Gly-Phe-Thr-Gly-Ala-Arg-Lys-Ser- 

Ala-Arg-Lys-Leu-Ala-Asn-Gln 
Endomorphin- 1 Tyr-Pro-Trp-Phe 
Endomorphin-2 Tyr-Pro-Phe-Phe 

Selected Synthetic Opioid Peptides 
DAMGO [D-Ala 2 ) MePhe 4 ,Gly(ol) 5 ]enkephalin 



DPDPE 

DSLET 

DADL 

CTOP 

FK-33824 

[D-Ala 2 ]Deltoxphin I 
[D-Ala 2 ,Glu 4 ]Deltorphin 
(Deltorphin II) 
Morphiceptin 
PL-017 
DALCE 



[D-Pen 2 ,D-Pen 5 ]enkephalin 
[D-Ser 2 J Leu 5 ]enkephalin-Thr 6 
[D-Ala 2 ,D-Leu 5 ]enkephalin 
D-Phe^s-iyr-D-Trp-Cto-Thr-Pen-Tlir-NH2 
[D-Ala 2 ,N-MePhe 4 ,Met(0) 5 -ol]enkephalin 
Tyr-D-Ala-Phe-Asp-Val-Val-Gly-NH 2 
TVr-D-Ala-Phe-Glu-Val-Val-Gly-NH 2 

Tyr-Pro-Phe-Pro-NH 2 

Ty-Pro-MePhe-D-^o-NH2 

[D-Ala 2 ,Leu 5 ,Cys 6 ]enkephalin 



upon posttranslational processing (nocistatin). The N/OFQ 
system represents a new neuropeptide system with a high 
degree of sequence identity to the opioid peptides. How- 
ever^ the slight change in structure results in a profound al- 
teration in function. N/OFQ has behavioral and pain mod- 
ulatory properties distinct from those of the three classical 
opioid peptides (see below). 

The anatomical distribution of POMC-producing cells is 
relatively limited within the CNS, occurring mainly in the arcu- 
ate nucleus and nucleus tractus solitarius. These neurons project 
^oely to limbic and brainstem areas and to the spinal cord 
(Lewis et al t 1987). There also is evidence of POMC produc- 
the spinal cord (Gutstein et aL, 1992). The distribution of 



corresponds to areas of the human brain where electri- 



M stimulation can relieve pain (Pilcher et aL, 1988); Peptides 
fS? m POMC occur in both the pars intermedia and the pars 



'Iftet ^ Pituitary and also are contained in pancreatic 
| cells. The peptides from prodynorphin and proenkephalin 



are distributed widely throughout the CNS and frequendy are 
found together. Although each family of peptides usually is lo- 
cated in different groups of neurons, occasionally more than 
one family is expressed within the same neuron (Weihe et aL, 
1988). Of particular note, proenkephalin peptides are present in 
areas of the CNS that are presumed to be related to the percep- 
tion of pain (e.g., laminae I and n of the spinal cord, the spinal 
trigeminal nucleus, and the periaqueductal gray), to the modu- 
lation of affective behavior (e.g,, amygdala, hippocampus, locus 
ceruleus, and the cerebral cortex), to the modulation of motor 
control (caudate nucleus and globus pallidus), and the regulation 
of the autonomic nervous system (medulla oblongata) and neu- 
roendocrinological functions (median eminence). Although there 
are a few long enkephalinergic fiber tracts, these peptides are 
contained primarily in intemeurons with short axons. The pep- 
tides from proenkephalin also are found in the adrenal medulla 
and in nerve plexuses and exocrine glands of the stomach and 
intestine. 

The N/OFQ precursor has a unique anatomical distribution 
(Neal et aL, 1999b). The distribution of this system suggests 
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Figure 23-1. Peptide precursors, (From Akil et al., 1998.) 

POMC, proopiomelanocortin; ACTH, adrenocorticotropic hormone; /J-LPH, 0-lipolropin. 



important roles in hippocampus, cortex, and numerous sensory 
sites. N/OFQ produces a complex behavioral profile, including 
effects on drug reward and reinforcement (BertorelJi et al, 2000; 
Devine et al, 1996a; Devine et al, 1996b), stress responsive- 
ness (Devine et al, 2001; Koster et al., 1999), and learning and 
memory processes (Koster et al., 1999; Manabe et al, 1998). 
Studies of the effect of N/OFQ on pain sensitivity have produced 
Conflicting results, which may be reconciled by data suggesting 
that the effects of N/OFQ on pain sensitivity depend on the 
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Figure 23-2. Human proorphanin-derived peptides. 



underlying behavioral state of the animal (Pan et al, 2000) (see 
below). Analogous mechanisms also could explain some of the 
conflicting results with other physiological processes. However, 
more studies are needed before a general role can be ascribed 
to the N/OFQ system, including the investigation of other ac- 
tive peptides that may be derived from the N/OFQ precursor 
(Figure 23-2). Nocistatin has been tested behaviorally and found 
to produce effects opposite to those of N/OFQ (Okuda-Ashitaka 
et al, 1998). In sum, these findings, coupled with the extensive 
anatomy of the system, suggest that the N/OFQ precursor plays 
a complex role in the brain that is yet to be fully appreciated 
Not all cells that make a given precursor polypeptide store 
and release the same mixture of active opioid peptides, because 
of differential processing secondary to variations in the cellular 
complement of peptidases that produce and degrade the active 
opioid fragments (Akil et al, 1984). In addition, processmg 
of these peptides is altered by physiological demands, lead- 
ing to a different mix of peptides being released by the same 
cell under different conditions. For example, chronic morptoe 
treatment (Bronstein et al, 1990) or stress (Akil et al, 1985) 
can alter the forms of ^-endorphin released by cells, wnicn 
could possibly underlie some observed physiological adap 
tions. Although the endogenous opioid peptides appear to func- 
tion as neurotransmitters, modulators of neurotransmission, 
neurohormones, the full extent of their physiological role is 
completely understood (Akil et al, 1988). The elucidation oi 
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the physiological roles of the opioid peptides has been made 
more difficult by their frequent coexistence with other putative 
neurotransmitters within a given neuron. 

OPIOID RECEPTORS 

Three classical opioid receptor types, n, 8, and have 
been studied extensively. The more recently discovered 
N/OFQ receptor, initially called the opioid-receptor-like 1 
* (ORL-1) receptor or "orphan" opioid receptor has added 
a new dimension to the study of opioids. Highly selective 
ligands that allowed for type-specific labeling of the three 
classical opioid receptors (e.g., DAMGO for \i, DPDPE 
for 8, and U-50,488 and U-69,593 for tc) (Handa et al, 
1981; Mosberg et al, 1983; Voightlander et al, 1983) be- 
came available in the early 1980s. These tools made possi- 
ble the definition of ligand-binding characteristics of each 
of the receptor types and the determination of anatomical 
distribution of the receptors using autoradiographic tech- 
niques. Each major opioid receptor has a unique anatom- 
ical distribution in brain, spinal cord, and the periphery 



Table 23-2 

Classification of Opioid Receptor Subtypes and Actions from Animal Models 





RECEPTOR 


ACTIONS OF: 




SUBTYPE 


AGONISTS 


ANTAGONISTS 


Analgesia 








Supraspinal 


8 


Analgesic 


No effect 


Spinal 


/X, tC y 8 


Analgesic 


No effect 


Respiratory function 




Decrease 


No effect 


Gastrointestinal tract 


M» tc 


Decrease transit 


No effect 


Psychotornimesis 


K 


Increase 


No effect. 


Feeding 


li> ^ 8 


Increase feeding 


Decrease feeding 


Sedation 


t*»* 


Increase 


No effect 


Diuresis 


K 


Increase 




Hormone regulation 








Prolactin 


V> 


Increase release 


Decrease release 


Growth hormone 


fi and/or 8 


Increase release 


Decrease release 


Neurotransmitter release 








Acetylcholine 




Inhibit 




Dopamine 


8 


Inhibit 




Isolated organ bioassays 








Guinea pig ileum 




Decrease contraction 


No effect 


Mouse vas deferens 


8 


Decrease contraction 


No effect 



The actions Ksted for antagonists arc seen with the antagonist alone. All the correlations in this table are 
based on studies in rats and mice, which occasionally show species differences. Thus, any extensions 
of these associations to human beings are tentative. Clinical studies do indicate that fi receptors elicit 
analgesia both spinally and supraspinaUy. Preliminary work with a synthetic opioid peptide, [r>Ala 2 ,D- 
Leu s ]enkephalin, suggests that intrathecal S agonists are analgesic in human beings. 

SOURCE: Modified from Pasternak (1993). 



(Mansour et aL, 1988; Neal et al, 1999b). These distinc- 
rive patterns of localization suggested possible functions 
that subsequently have been investigated in pharmacolog- 
ical and behavioral studies. 

The study of the biological functions of opioid re- 
ceptors in vivo was aided by the synthesis of selective an- 
tagonists and agonists. Among the most commonly used 
antagonists are cyclic analogs of somatostatin such as 
CTOP as /x-receptor antagonists, a derivative of naloxone 
called naltrindole as a 5-receptor antagonist, and a bivalent 
derivative of naltrexone called binaltoiphimine (nor-BNI) 
as a k -receptor antagonist (Gulya et al, 1986; Portoghese 
et al., 1987; Portoghese et aL 1988). In general, functional 
studies using selective agonists and antagonists have re- 
vealed substantial parallels between fi and 8 receptors and 
dramatic contrasts between \iI8 and k receptors. In vivo 
infusions of selective antagonists and agonists also were 
used to establish the receptor types involved in mediating 
various opioid effects (Table 23-2). 

Most of the clinically used opioids are relatively selec- 
tive for fj, receptors, reflecting their similarity to morphine 
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Table 23-3 

Actions and Selectivities of Some Opioids at the Various Opioid Receptor Classes 

RECEPTOR TYPES 
M $ K 

Drugs 



Morphine 


+++ 




4- 


Methadone 


+++ 






Etorphine 


+++ 


4-4-4- 


4-4-4 


Levorphanol 


H-++ 






Fentanyl 


i i i 


• 




Sufentanil 


4-4-4- 


+ 


4- 


DAMGO 


+++ 






Butorphanol 


P 




-f4-4- 
ii r 


B uprenorphine 


p 






Naloxone 








Naltrexone 








CTOP 








Diprenorphine 








/J-Funaltiexamine 






4_4_ 


Naloxonazine 








Nalorphine 






4- 


Pentazocine 


P 




4-4- 


Nalbuphine 






4-4- 


Naloxone benzoylhydrazone 





_ 




Bremazocine 


+++ 




+++ 


Ethylketocyclazocine 


P 


+ 


+++ 


U50,488 






+++ 


U69.593 






+++ 


Spiradoline 


+ 




+++ 


nqr-Binaltorphimine 








Naltrindole 








DPDPE 




++ 




[r>Ala 2 ,Glu 4 ]deltorphin 




++ 




DSLET 


+ 


++ 




Endogenous Peptides 








Met-enkephalin 


++ 


+++ 




Leu-enkephalin 


++ 


+++ 




^-Endorphin 


+++ 


+++ 




Dynorphin A 


++ 




+++ 


Dynorphin B 


+ 


+ 


+++ 


a-Neoendorphin 


+ 




+++ 



Activities of drugs are given at the receptors for which the agent has reasonable affinity. + t agonist:-, 
antagonist P, partial agonist: DAMGO, CTOP, DPDPE, DSLET, see Table 23-1. The number of sym- 
bols is an indication of potency: the ratio for a given drug denotes selectivity. These values were 
obtained primarily from animal studies and should be extrapolated to human beings with caution. Both 
/J-nmaltrexamine and naloxonazine are irreversible \x antagonists, but ^-funaltrexamine also has re- 
versible k agonist activity. 
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Table 23-4 

properties of the Cloned Opioid Receptors 



RECEPTOR 
SUBTYPE 


SELECTIVE LIGANDS 


NONSELECTIVE LIGANDS 


PUTATIVE 
ENDOGENOUS 
LIGANDS 


Agonists 


Antagonists 


Agonists 


Antagonists 




DAMGO 


crop 


Levorphanol 


Naloxone 


Enkephalin 




Morphine 




Etorphine 


Naltrexone 


Endorphin 




Methadone 






/J-Funaltrexamine 






Fentanyl 












Dermorphin 










K 


Spiradoline 


Nor-BNI 


Levorphanol 


Naloxone 


Dynorphin A 




U50,488 




Etorphine 


Naltrexone 






Dynorphin A 




EKC 






8 


DPDPE 


Naltrindole 


Levorphanol 


Naloxone 


Enkephalin 




Deltorphin 


NTB 


Etorphine 


Naltrexone 






DSLET 


BNTX 









ABBREVIATIONS: BNTX, 7 benzylidenenaltroxone; EKC, ethylketocyclazosine NTB, benzofuran analog of naltrindole; nor-BNI, nor-binaltorphimine. 

DAMGO, CTOR, DPDPE, DSLET, ske Table 23-1. 
SOURCE: Modified from Raynor et al (1994). 



(Tables 23-3 and 23-4). However, it is important to note 
that drugs that are relatively selective at standard doses 
will interact with additional receptor subtypes when given 
at sufficiently high doses, leading to possible changes in 
their pharmacological profile. This is especially true as 
doses are escalated to overcome tolerance. Some drugs, 
particularly mixed agonist-antagonist agents, interact with 
more than one receptor class at usual clinical doses. The 
actions of these drugs are particularly interesting, since 
they may act as an agonist at one receptor and an antag- 
onist at another. 

There is little agreement regarding the exact classification 
of opioid receptor subtypes. Pharmacological studies have sug- 
gested the existence of multiple subtypes of each receptor. The 
complex literature on k opioid-receptor subtypes (see AJril and 
Watson, 1994) strongly suggests the presence of at least one ad- 
ditional subtype with good affinity for the benzomorphan class 

opiate alkaloids. The data for 6-opioid receptor subtypes is 
intriguing. While early support for the possibility of multiple 8 
receptors came from radiohgand-binding studies (Negri et al, 
1991), the strongest evidence derives from behavioral studies 
(hang et al, 1991; Sofuoglu et al., 1991), which led to the 
Proposal that two 5-receptor sites exist, 8 X and 8 2 . In the case 
of the ft receptor, behavioral and pharmacological studies led 
to the proposal of and tn subtypes (Pasternak, 1986). The 
fh site is proposed to be a very high affinity receptor with tittle 
(Uscnmination between n and 8 ligands. A parallel hypothe- 

(Rothman et al, 1988) holds that there is a high affinity 
W complex rather than a distinct fx site. Although molec- 
ular cloning studies have not readily supported the existence 



of these subtypes as distinct molecules, recent findings (see 
below) regarding modified specificity for opioid ligands due to 
heterodimerization of receptors may provide an explanation for 
observed pharmacological diversity (Jordan and Devi, 1999). 

Molecular Studies of Opioid Receptors 
and Their Ligands 

For many years, the study of multiple opioid receptors greatly 
profited from the availability of a rich array of natural and syn- 
thetic ligands but was limited by the absence of opioid receptor 
clones. In 1992, the mouse 8 receptor was cloned from the 
NG-108 cell line (Evans et al, 1992; Kieffer et al, 1992). 
Subsequently, the other two major types of classical opioid 
receptors were cloned from various rodent species (Chen et al, 
1993; Kong et al, 1994; Meng et al, 1993; Minami et al, 1993; 
Thompson et al., 1993; Wang et al, 1993; Yasuda et al t 1993). 
The N/OFQ receptor was cloned as a result of searches for 
novel types or subtypes of opioid receptors. The coding regions 
for the opioid-peptide receptors subsequently were isolated and 
chromosomally assigned (Befort et al, 1994; Yasuda et al, 
1994; Wang et al, 1994). In the case of a,, the cloned sequence 
is the classical morphine-like receptor, rather than the proposed 
u,\. With 8, no differentiation between the two proposed types 
by binding appears possible, and the cloned receptor recognizes 
all S-selective ligands regardless of their behavioral assignment 
as 8 1 or 5 2 . For k, the cloned receptor is the classical recep- 
tor, rather than the proposed benzomorphan binding site. All 
four opioid receptors belong to the G protein-coupled receptor 
(GPCR) family (see Chapter 2) and share extensive sequence 
homologies (Figure 23-3). The N/OFQ receptor has high struc- 
tural homology with the classical opioid receptors, but it has 
very low or no affinity for binding conventional opioid ligands 
(Bunzow et al, 1994; Chen et al, 1994; Mollereau et al, 1994). 
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The structural similarities of the N/OFQ receptor and the three 
classical opioid receptors are highest in the transmembrane re- 
gions and cytoplasmic domains and lowest in the extracellular 
domains critical for ligand selectivity (Figure 23-3B). 

It is possible that further cloning experiments may identify 
unique genes encoding opioid receptor subtypes. However, it has 
been suggested that, if multiple opioid receptor subtypes exist, 



they could be derived from a single gene, and multiple mecha- 
nisms might exist to achieve distinct pharmacological profiles. 
Two potential pathways to opioid receptor diversity are alter- 
native splicing of receptor RNA and dimerizauon of receptor 
proteins. 

Alternative splicing of receptor heteronuclear RNA (*■*•■ 
exon skipping and intron retention) is thought to play 30 
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important role in producing in vivo diversity within many mem- 
bJsof the GPCR superfamily (Rilpatrick et aL, 1999). Splice 
variants may exist within each of the three opioid receptor fam- 
ilies, and this alternative splicing of receptor transcripts may be 
critical for the diversity of opioid receptors. A technique widely 
used to identify potential sites of alternative splicing is antisense 
oligodeoxynucleotide (ODN) mapping. The ability of antisense 
ODNs to target specific regions of cDNA permits the systematic 
evaluation of the contribution of individual exons to observed 
receptor properties. Antisense ODN-targeting of exon 1 of the 
rat and mouse \i opioid receptors blocks morphine analgesia in 
these species (Rossi et al., 1995; Rossi et aL, 1996a; Rossi et aL, 
1997). By contrast, administration of antisense ODNs targeting 
exon 2 does not block morphine analgesia but prevents the anal- 
gesia produced by heroin, fentanyl, and the morphine metabolite 
morphine-6-glucuromde (Rossi et aL, 1995; Rossi et aL, 1996a; 
Rossi et aL, 1997). An analogous disruption of morphine-6- 
glucuronide-induced but not morphine-induced analgesia is ob- 
served following administration of antisense ODNs targeting 
exon 3 (Rossi et al f 1997). These results imply that unique \i 
receptor mechanisms mediate the analgesic effects of a variety 
of opioids and are consistent with the claim that these unique 
receptor mechanisms could be achieved via alternative splicing. 
The use of antisense ODNs also has led to the identification 
of potential sites for splice variation in the k- and 5-opioid re- 
ceptors (Pasternak and Standifer, 1995). Central to the claim 
that these results reflect the existence of splice variants is the 
in vivo isolation of such variants. A ^.-opioid receptor splice 
variant has been identified that differs considerably from the 
native receptor within its C-terminus (Zamprich et aL, 1995). 
As might be expected on the basis of the splicing location, this 
variant exhibits a binding profile similar to that of the cloned 
^-opioid receptor but does not readily undergo the desensitiza- 
tion frequently observed following exposure to agonist Thus, 
the existence of this splice variant cannot explain the differen- 
tial analgesic sensitivities described above. However, just such a 
variant was detected in mice with a targeted disruption of exon 
1 (Schuller et aL, 1999). Transcripts of the ^.-opioid receptor 
that contained exons 2 and 3 were identified in these mice. 
Moreover, whereas morphine-induced analgesia was abolished, 
heroin- and M60-induced analgesia were unaffected. 

The interaction of two receptors to form a unique structure 
(dimerization) also has been accorded an important role in regu- 
lating receptor function. For example, dimerization of GABA B ri 
and GABA B R2 subunits is required to form a functional GABA B 
receptor for garnma-aminoburyric acid (e.g., Jones et aL, 1998). 
Both cloned k- and 5-opioid receptors have been shown to ex- 
ist in vitro as homodimers (Cvejic and Devi, 1997). However, 
the most interesting findings have been generated by studies 
showing dimerization between different opioid receptor types. 
Jordan and Devi (1999) showed that *> and <S-opioid recep- 
tors can exist as heterodimers both in heterologous expression 
systems and in brain, based on coirnmunoprecipitation stud- 
ies. Tne dimerization of these receptors profoundly alters their 
pharrnacological properties. The affinity of the heteitKiimers for 
highly selective agonists and antagonists is greatly reduced. In- 
stead, the heterodimers show greatest affinity for partially se- 
lective agonists such as bremazocine, suggesting that receptor 
jtetero dimerization may explain at least part of the discrepancy 
between molecular and pharmacological properties of opioid 
receptors. 



Given the existence of four families of endogenous ligands 
and cloned receptors, it seems reasonable to ask if there is a 
one-to-one correspondence between them. Previous studies us- 
ing brain homogenates demonstrated that an orderly partem of 
association between a set of opioid gene products and a given 
receptor does not exist Although proenkephalin products gen- 
erally are associated with S and prodynorpbin products with k 
receptors, much "cross-talk" is present (Mansour et aL, 1995). 
The cloning of the opioid receptors allowed this question to 
be addressed more systematically, since each receptor could be 
expressed separately and then compared side by side under iden- 
tical conditions (Mansour et al., 1997). The k receptor exhibits 
the most selectivity across endogenous ligands, with affinities 
ranging from 0.1 nM for dynorphin A to approximately 100 nM 
for leu-enkephalin. In contrast, /x and S receptors show only a 
10-fold difference between the most- and least-preferred ligand, 
with a majority of endogenous ligands exhibiting greater affin- 
ity for S than for ii receptors. The limited selectivity of fi and 
8 receptors suggests that the fi and S receptor recognize prin- 
cipally the Tyr-Gly-Gly-Phe core of the endogenous peptide, 
whereas the k receptor requires this core and the arginine in 
position 6 of dynorphin A and other prodynorphin products 
(see Table 23-1). Interestingly, proenkephalin products with 
arginine in position 6 (Le., met-enkephalin-Arg-Phe and met- 
enkephalin-Arg-Gly-Leu) are equally good at -receptor ligands, 
arguing against the idea of a unique association between a given 
receptor and a given opioid precursor family. In sum, high affin- 
ity interactions are possible between each of the peptide pre- 
cursor families and each of the three receptor types, the only 
exception being the lack of high-affinity interaction between 
POMC-derived peptides and tc receptors. Otherwise, at least one 
peptide product from each of the families exhibits high affinity 
Qow nanomolar or subnanomolar) for each receptor. The rela- 
tively unimpressive affinity of the fi receptor toward all known 
endogenous ligands suggests that its most avid and selective 
ligand has not been identified, a notion being put to test (see 
below). 

Endomorphins. The search for a high affinity/high selectiv- 
ity endogenous ligand for the fi receptor led to the discovery 
of a class of novel endogenous opioids termed endomorphins 
(Zadina et aL, 1997). Endomorphin-1 and endomorphin-2 are 
tetrapeptides with the sequences lyr-Pro-Trp-Phe and Tyr-Pro- 
Phe-Phe, respectively (Table 23-1). These novel peptides do not 
contain the canonical opioid core (iyr-Gly-Gly-Phe) but never- 
theless bind the /x, receptor with very high affinity and selectiv- 
ity. However, an endomorphin gene has yet to be cloned, and 
much remains to be learned about the endomorphins' anatom- 
ical distribution, mode of interaction with the opioid recep- 
tors, function in vivo, and the potential existence of other re- 
lated peptides that are highly selective for each of the opioid 
receptors. 

Molecular Basis for Opioid Receptor Selectivity and Affin- 
ity. Previous studies of other peptide receptors suggested that 
peptides and small molecules may bind to GPCRs differently. 
Mutagenesis studies of small ligand receptors (e.g., adrener- 
gic and dopamine receptors) showed that charged amino acid 
residues in the transmembrane domains were important in re- 
ceptor binding and activation (Strader et aL, 1988; Mansour 
et aL, 1992). This observation places the bound ligands within 
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the receptor core formed by the transmembrane helices. On the 
other hand, studies with peptidergic receptors have demonstrated 
a critical role for extracellular loops in ligand recognition (Xie 
et aL, 1990). All three classical opioid receptors appear to com- 
bine both properties: Charged residues located in transmembrane 
domains have been implicated in the high affinity binding of 
most opioid ligands, whether alkaloid or peptide (Surratt et aL, 
1994; Mansour et aL, 1997). However, critical interactions of 
opioid peptides with the extracellular domains also have been 
shown. 

The opioid peptide Tyr-GIy-Gly-Phe core, sometimes 
termed the Message," appears to be necessary for interaction 
with the receptor-binding pocket; however, peptide selectivity 
resides in the carboxy-tenninal extension beyond the tetrapep- 
tide core, providing the "address" (Schwyzer, 1986). When the 
carboxy-terminal domain is long, it may interact with extracel- 
lular loops of the receptors, contributing to selectivity in a way 
that cannot be achieved by the much smaller alkaloids. Indeed, 
dynorphin A selectivity is dependent on the second extracel- 
lular loop of the k receptor (Kong et aL, 1994; Xue et aL, 
1994; Meng et aL, 1995), whereas 8- and ^-selective ligands 
have more complex mechanisms of selectivity that depend on 
multiple extracellular loops. These findings have led to the pro- 
posal that high selectivity is achieved by both attraction to the 
most-favored receptor and repulsion by the less-favored recep- 
tor (Watson et aL, 1995; Meng et aL, 1995). For example, the 
N/OFQ receptor does not bind any of the classical endoge- 
nous opioid peptides. However, mutating as few as four amino 
acids endows the N/OFQ receptor with the ability to recog- 
nize prodynorphin-derived peptides while retaining recognition 
of N/OFQ (Meng et aL, 1996), suggesting that unique mecha- 
nisms have evolved to ensure selectivity of the N/OFQ receptor 
for N/OFQ and against classical opioid peptides. Mechanisms 
involved in selectivity can be difficult to separate from mech- 
anisms involved in affinity, because the extracellular domains 
may not only allow interactions with the peptide ligands but 
also may be important in stabilizing these interactions. 

Results of the research discussed above imply that the al- 
kaloids are small enough to fit completely inside or near the 
mouth of the receptor core, while peptides bind to the extra- 
cellular loops and simultaneously extend to the receptor core 
to activate the common binding site. That one can truly sep- 
arate the binding of peptides and alkaloids is demonstrated 
most clearly by a genetically engineered k receptor (Coward 
et a/., 1998), which does not recognize endogenous peptide 
ligands, yet retains full affinity and efficacy for small syn- 
thetic jc -receptor ligands, such as spiradoline. Given these dif- 
ferences in binding interactions with the receptor, it is pos- 
sible that unique classes of ligands may activate the opioid 
receptor differently, leading to conformational changes of dis- 
tinct quality or duration that may result in varying magnitudes 
and possibly different second-messenger events. This hypothe- 
sis currently is being tested and, if validated, may lead to novel 
strategies for differentially altering the interactions between the 
opioid receptors and signal transduction cascades. With the po- 
tential presence of receptor heterodimers and the likelihood 
that they have unique profiles and signaling properties (Jordan 
and Devi, 1999), there now are a number of new directions 
for discovery of drugs that may target receptors in particular 
states. 



Opioid Receptor Signaling and 
Consequent Intracellular Events 

Coupling of Opioid Receptors to Second Messengers. The 
fM, 8, and k receptors in endogenous neuronal settings are cou- 
pled, via pertussis toxin-sensitive GTP-binding proteins, to in- 
hibition of adenylyl cyclase activity (Herz, 1993), activation of 
receptor-operated K + currents, and suppression of voltage-gated 
Ca 2+ currents (Duggan and North, 1983). The hyperpolaritation 
of the membrane potential by K + -current activation and the lim- 
iting of Ca 2+ entry by suppression of Ca 2+ currents are tenable 
but unproven mechanisms for explaining blockade by opioids of 
neurotransmitter release and pain transmission in varying neu- 
ronal pathways. Studies with cloned receptors have shown that 
opioid receptors may couple to an array of other second mes- 
senger systems, including activation of the MAP kinases and 
the phospholipase C (PLC)-mediated cascade leading to the 
formation of inositol trisphosphate and diacylglycerol (see Akil 
et aL, 1997, for review). Prolonged exposure to opioids results 
in adaptations at multiple levels within these signaling cascades. 
The significance of these cellular-level adaptations lies in the 
causal relationship that may exist between them and adaptations 
seen at the organismic level such as tolerance, sensitization, and 
withdrawal. 



Receptor Desensitization, Internalization, and Sequestration 
Following Chronic Exposure to Opioids. Transient adminis- 
tration of opioids leads to a phenomenon termed acme tolerance, 
whereas sustained administration leads to the development of 
"classical" or chronic tolerance. Tolerance simply refers to a 
decrease in effectiveness of a drug with its repeated admin- 
istration. Recent studies have focused on cellular mechanisms 
of acute tolerance. Several investigators have shown that short- 
term desensitization probably involves phosphorylation of the 
ix and 8 receptors via protein kinase C (Mestek et aL, 1995; 
Narita et aL, 1995; Ueda et aL, 1995). A number of other ki- 
nases also have been implicated, including protein kinase A and 
^-adrenergic receptor kinase, £ARK (Pei et al., 1995; Wang 
et aL, 1994; also, see below). 

Like other GPCRs, both fi and 8 receptors can undergo 
rapid agonist-mediated internalization via a classic endocytic 
pathway (Trapaidze et aL, 1996; Gaudriault et al., 1997), whereas 
k receptors do not internalize following prolonged agonist ex- 
posure (Chu et aL, 1997). Interestingly, it seems that internal- 
ization occurs via partially distinct endocytic pathways for die 
/x and 8 receptors, suggesting receptor-specific interactions with 
different mediators of intracellular trafficking (Gaudriault et aL, 
1997). It also is intriguing that these processes may be induced 
differentially as a function of the structure of the ligand. For 
example, certain agonists, such as etorphine and enkephalins, 
cause rapid internalization of the fx receptor, while morphine, 
although it decreases adenylyl cyclase activity equally well, does 
not cause ll receptor internalization (Keith et al., 1996). In addi- 
tion, a truncated \i receptor with normal G protein coupling was 
shown to recycle constitutively from the membrane to cytosol 
(Segredo et aL, 1997), further indicating that activation of signal 
transduction and internalization are controlled by distinct molec- 
ular mechanisms. These studies also support the hypothesis tna 
different ligands induce different conformational changes in tne 
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receptor that result in divergent intracellular events, and they 
may provide an explanation for differences in the efficacy and 
abuse potential of various opioids. One of the most interesting 
studies to evaluate the relevance of these alterations in signaling 
to the adaptations seen in response to opioid exposure in vivo 
was the demonstration that acute morphine-induced analgesia 
was enhanced in mice lacking /*-arrestin 2 (Bonn et al, 1999). 
Opioid-receptor internalization is mediated, at least partially, by 
the actions of GPCR kinases (GRKs). GRKs selectively phos- 
phorylate agonist-bound receptors, thereby promoting interac- 
tions with /J-arrestins, which interfere with G protein coupling 
and promote receptor internalization (Bonn et al, 1999). En- 
hanced analgesia in mice lacking /J-arrestin 2 is consistent with 
a role for the GRKs and arrestins in regulating responsivity to 
opioids in vivo. This result is even more intriguing given the in- 
ability of morphine to support arrestin translocation and receptor 
internalization in vitro (Whistler and von Zastrow, 1998). 

Traditionally, long-term tolerance has been thought to be 
associated with increases in adenylyl cyclase activity— a counter- 
regulation to the decrease in cyclic AMP levels seen after acute 
opioid administration (Sharma et al, 1977). Chronic treatment 
with ^-receptor opioids causes superactivation of adenylyl cy- 
clase (Avidor-Reiss et al, 1996). This effect is prevented by 
pretreatment with pertussis toxin, demonstrating involvement of 
Gy 0 proteins, and also by cotransfection with scavengers of G 
protein-^ y dimers, indicating a role for this complex in su- 
peractivation. Alterations in levels of cyclic AMP clearly bring 
about numerous secondary changes (see Nestler and Aghajanian, 
1997). 

An "Apparent Paradox." A paradox in evaluating the func- 
tion of endogenous opioid systems is that a host of endogenous 
ligands activate a small number of opioid receptors. This pattern 
is different from that of many other neurotransmitter systems, 
where a single ligand interacts with a large number of recep- 
tors having different structures and second messengers. Is this 
richness and complexity at the presynaptic level lost as multiple 
opioid ligands derived from different genes converge on only 
three receptors, or is this richness preserved through means yet 
to be discovered? One possibility is that all opioid receptors have 
not been revealed by molecular cloning. Other options include 
splice variants, dimerization, and posttranslational modification, 
as discussed previously. Even assuming that other receptors and 
variants will be found, the binding of many endogenous ligands 
to the three cloned classical receptors suggests a great deal of 
convergence. However, this convergence may be only apparent, 
since multiple mechanisms for achieving distinctive responses 
in the context of the biology described above may exist. Some 
issues to consider are as follows: 

!• The duration of action of endogenous ligands may be a 
critical variable that has been overlooked and that may 
have clinical relevance. 

The pattern or profile of activation of multiple receptors by 
a ligand, rather than activation of a single receptor, may 
be a critical determinant of effect 
* Opioid genes may give rise to multiple active peptides with 
unique profiles of activity. This patterning may be very 
complex and regulatable by various stimuli. 



4. Patterns and/or efficacy of intracellular signaling produced 
by endogenous ligands at opioid receptors are under inves- 
tigation (Emmerson et al, 1996). This issue may be partic- 
ularly relevant for understanding physiological alterations 
following chronic administration of exogenous opioids. 

5. Intracellular trafficking of the receptors may vary both 
as a function of the receptor and the ligand. This could 
have interesting implications for long-term adaptations dur- 
ing sustained treatment with opioids and following their 
withdrawal. 

Understanding the complexity of endogenous opioid pep- 
tides and their patterns of interaction with multiple opioid re- 
ceptors may help define the similarities and differences between 
the endogenous modulation of these systems and their activation 
by drugs. These insights could be important in devising treat- 
ment strategies that maximize beneficial properties of opioids 
(e.g., pain relief) while limiting their undesirable side effects 
such as tolerance, dependence, and addiction. 



EFFECTS OF CLINICALLY 
USED OPIOIDS 

Morphine and most other clinically used opioid agonists 
exert their effects through ii opioid receptors. These drags 
affect a wide range of physiological systems. They pro- 
duce analgesia, affect mood and rewarding behavior (see 
also Chapter 24), and alter respiratory, cardiovascular, gas- 
trointestinal, and neuroendocrine function. 5-Opioid re- 
ceptor agonists also are potent analgesics in animals, and 
in isolated cases have proved useful in human beings 
(Coombs et al., 1985). The main barrier to the clinical 
use of 8 agonists is that most of the available agents are 
peptides and do not cross the blood-brain barrier, thus re- 
quiring intraspinal administration. However, much effort 
currently is being devoted to the development of clinically 
useful 5 agonists. K-Selective agonists produce analgesia 
that has been shown in animals to be mediated primarily 
at spinal sites. Respiratory depression and miosis may be 
less severe with tc agonists. Instead of euphoria, *>receptor 
agonists produce dysphoric and psychotomimetic effects 
(Pfeiffer et al, 1986). In neural circuitry mediating both 
reward and analgesia, pi and k agonists have been shown 
to have antagonistic effects (see below). 

Mixed agonist-antagonist compounds were developed 
for clinical use with the hope that they would have less ad- 
dictive potential and less respiratory depression than mor- 
phine and related drugs. In practice, however, it has turned 
out that for the same degree of analgesia, the same inten- 
sity of side effects will occur. (American Pain Society, 
1999). A "ceiling effect," limiting the amount of analge- 
sia attainable, often is seen with these drugs. Some mixed 
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agonist-antagonist drugs, such as pentazocine and nalor- 
phine, can produce severe psychotomimetic effects that 
are not reversible with naloxone (suggesting that these 
undesirable side effects arc not mediated through classi- 
cal opioid receptors). Also, pentazocine and nalorphine 
can precipitate withdrawal in opioid-tolerant patients. For 
these reasons, the clinical use of these mixed agonist- 
antagonist drugs is limited 

Analgesia 

In human beings, morphine-like drags produce analgesia, 
drowsiness, changes in mood, and mental clouding. A sig- 
nificant feature of the analgesia is that it occurs without 
loss of consciousness. When therapeutic doses of mor- 
phine are given to patients with pain, they report that the 
pain is less intense, less discomforting, or entirely gone; 
drowsiness commonly occurs. In addition to relief of dis- 
tress, some patients experience euphoria. 

When morphine in the same dose is given to a nor- 
mal, pain-free individual, the experience may be unpleas- 
ant Nausea is common,, and vomiting also may occur. 
There may be feelings of drowsiness, difficulty in menta- 
tion, apathy, and lessened physical activity. As the dose is 
increased, the subjective, analgesic, and toxic effects, in- 
cluding respiratory depression, become more pronounced. 
Morphine does not have anticonvulsant activity and usu- 
ally does not cause slurred speech, emotional lability, or 
significant motor incoordination. 

The relief of pain by morphine-like opioids is rela- 
tively selective, in that other sensory modalities are not 
affected. Patients frequently report that the pain is still 
present, but that they feel more comfortable (see section 
on Therapeutic Uses of Opioid Analgesics). Continuous, 
dull pain is relieved more effectively than sharp, inter- 
mittent pain, but with sufficient amounts of opioid it is 
possible to relieve even the severe pain associated with 
renal or biliary colic. 

Any meaningful discussion of the action of analgesic agents 
must include some distinction between pain as a specific sen- 
sation, subserved by distinct neurophysiological structures, and 
pain as suffering (the original sensation plus the reactions evoked 
by the sensation). It is generally agreed that all types of painful 
experiences, whether produced experimentally or occurring clin- 
ically as a result of pathology, include both the original sen- 
sation and the reaction to that sensation. It also is important 
to distinguish between pain caused by stimulation of nocicep- 
tive receptors and transmitted over intact neural pathways (no- 
ciceptive pain) and pain that is caused by damage to neural 
structures, often involving neural supersensitivity (neuropathic 
pain). Although nociceptive pain usually is responsive to opioid 
analgesics, neuropathic pain typically responds poorly to opi- 



oid analgesics and may require higher doses of drug (McOn 

1988). w **** 

In clinical situations, pain cannot be terminated at will 
and the meaning of the sensation and the distress it engenders 
are markedly affected by the individual's previous experiences 
and current expectations. In experimentally produced pain, mea- 
surements of the effects of morphine on pain threshold have not 
always been consistent; some workers find that opioids reliably 
elevate the threshold, while many others do not obtain con- 
sistent changes. In contrast, moderate doses of morphine-like 
analgesics are effective in relieving clinical pain and increasing 
the capacity to tolerate experimentally induced pain. Not only 
is the sensation of pain altered by opioid analgesics, but the 
affective response is changed as well. This latter effect is best 
assessed by asking patients with clinical pain about the degree 
of relief produced by the drug administered. When pain does not 
evoke its usual responses (anxiety, fear, panic, and suffering), a 
patient's ability to tolerate the pain may be markedly increased 
even when the capacity to perceive the sensation is relatively 
unaltered. It is clear, however, that alteration of the emotional re- 
action to painful stimuli is not the sole mechanism of analgesia. 
Intrathecal administration of opioids can produce profound seg- 
mental analgesia without causing significant alteration of motor 
or sensory function or subjective effects (Yaksh, 1988). 

Mechanisms and Sites of Opioid-Induced Analgesia. While 
cellular and molecular studies of opioid receptors are invaluable 
in understanding their function, it is critical to place them in 
their anatomical and physiological context to fully understand 
the opioid system. Pain control by opioids needs to be consid- 
ered in the context of brain circuits modulating analgesia and 
the functions of the various receptor types in these circuits. Ex- 
cellent reviews of this topic are available (Fields et al> 1991; 
Harris, 1996). 

It has been well established that the analgesic effects of 
opioids arise from their ability to inhibit directly the ascending 
transmission of nociceptive information from the spinal cord 
dorsal hom and to activate pain control circuits that descend 
from the midbrain, via the rostral ventromedial medulla, to 
the spinal cord dorsal horn. Opioid peptides and their recep- 
tors are found throughout these descending pain control cir- 
cuits (Mansour et al t 1995; Gutstein et al> 1998). ^-Opioid 
receptor mRNA and/or ligand binding is seen throughout the 
periaqueductal grey (PAG), pontine retricular formation, me- 
dian raphe, nucleus raphe magnus, and adjacent gigantocellular 
reticular nucleus in the rostral ventromedial medulla (RVM) and 
spinal cord. Evaluation of discrepancies between levels of lig- 
and binding and mRNA expression provides important insights 
into the mechanisms of /x-opioid receptor-mediated analgesia. 
For instance, the presence of significant /x-opioid receptor lig- 
and binding in the superficial dorsal horn but scarcity of mRNA 
expression (Mansour et al t 1995) suggests that the majority of 
these spinal ^-receptor ligand binding sites are located presyn- 
aptically on the terminals of primary afferent nociceptors. This 
conclusion is consistent with the high levels of /x-opioid re- 
ceptor mRNA observed in dorsal root ganglia (DRG). A similar 
mismatch between /x-receptor ligand binding and mRNA expres- 
sion is seen in the dorsolateral PAG (a high level of binding 
and sparse mRNA) (Gutstein et al, 1998). ^-Opioid receptor 
mRNA and ligand binding have been demonstrated in the ven- 
tral and ventrolateral quadrants of the PAG, the pontine reticular 
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formation, and the gigantocellular reticular nucleus, but only low 
levels are seen in the median raphe and nucleus raphe magnus. 
As with the /x-opioid receptor, there are significant numbers of 
S-opioid receptor binding sites in the dorsal horn but no de- 
tectable mRNA expression, suggesting an important role for 
presynaptic actions of the 5-opioid receptor in spinal analgesia. 
k -Opioid receptor mRNA and ligand binding are widespread 
throughout the PAG, pontine reticular formation, median raphe, 
nucleus raphe magnus and adjacent gigantocellular reticular 
nucleus. Again, k -receptor ligand binding but minimal mRNA 
have been found in the dorsal horn. Although all three receptor 
mRNAs are found in the DRG, they are localized on differ- 
ent types of primary afferent cells. /i-Opioid receptor mRNA 
is present in medium and large diameter DRG cells, 5-opioid 
receptor mRNA in large diameter cells, and k -opioid receptor 
mRNA in small and medium diameter cells (Mans our et al, 
1995). This differential localization might be linked to func- 
tional differences in pain modulation. 

The distribution of opioid receptors in descending pain 
control circuits indicates substantial overlap between \i and k 
receptors. \i Receptors and k receptors are most anatomically 
distinct from the 5-opioid receptor in the PAG, median raphe, 
and nucleus raphe magnus (Gutstein et al, 1998). A similar dif- 
ferentiation of u, and k receptors from & is seen in the thalamus, 
suggesting that interactions between the k receptor and the ft 
receptor may be important for modulating nociceptive transmis- 
sion from higher nociceptive centers as well as in the spinal cord 
dorsal horn. The actions of /x-receptor agonists are invariably 
analgesic, whereas those of k -receptor agonists can be either 
analgesic or antianalgesic. Consistent with the anatomical over- 
lap between the \i and k receptors, the antianalgesic actions of 
the k -receptor agonists appear to be mediated by functional an- 
tagonism of the actions of ^-receptor agonists. The fx receptor 
produces analgesia within descending pain control circuits, at 
least in part, by the removal of GABAergic inhibition of RVM- 
projecting neurons in the PAG and spinally projecting neurons 
in the RVM (Fields et al, 1991). The pain-modulating effects 
of the k -receptor agonists in the brainstem appear to oppose 
those of ii-receptor agonists. Application of a ^-opioid agonist 
hyperpolarizes the same RVM neurons that are depolarized by 
a ^-opioid agonist, and microinjections of a ^-receptor agonist 
into the RVM antagonize the analgesia produced by microin- 
jections of fi agonists into this region (Pan et al, 1997). This 
is die strongest evidence to date demonstrating that opioids can 
have antianalgesic as well as analgesic effects. This finding may 
explain behavioral evidence for a reduction in hyperalgesia that 
follows injections of naloxone under certain circumstances. 

As mentioned above, there is significant opioid-receptor 
ligand binding, and litde detectable receptor mRNA expression 
in the spinal cord dorsal horn, but high levels of opioid-receptor 
mRNA in DRG. This distribution might suggest that the actions 
of opioid-receptor agonists relevant to analgesia at the spinal 
level are predominandy presynaptic. At least one presynap- 
tic mechanism with potential clinical significance is inhibition 
of spinal tachykinin signaling. It is well known that opioids 
decrease the pain-evoked release of tachykinins from primary 
afferent nociceptors (Jessell and Iversen, 1977; Yaksh et al, 
1980). Recendy, the significance of this effect has been ques- 
tioned. Trafton et al (1999) have demonstrated that at least 80% 
tachykinin signaling in response to noxious stimulation re~ 
K* 3 ** intact after the intrathecal administration of large doses of 



opioids. These results suggest that, while opioid adnnmstration 
may reduce tachykinin release from primary afferent nocicep- 
tors, this reduction has litde functional impact on the actions 
of tachykinins on postsynaptic pain-transmitting neurons. This 
implies that either tachykinins are not central to pain signaling 
and/or opioid-induced analgesia at the spinal level or that, con- 
trary to the conclusions suggested by anatomical studies, presyn- 
aptic opioid actions may be of litde analgesic significance. 

Just as important insights have been made into mechanisms 
of opioid-induced analgesia at the brainstem and spinal levels, 
progress also has been made in understanding forebrain mecha- 
nisms. It is well known that the actions of opioids in bulbospinal 
pathways are critical to their analgesic efficacy. The precise role 
of forebrain actions of opioids and whether or not these actions 
are independent of those in bulbospinal pathways are less well 
defined It is clear that opioid actions in the forebrain con- 
tribute to analgesia, because decerebration prevents analgesia 
when rats are tested for pain sensitivity using the formalin test 
(Matthies and Franklin, 1992), and microinjection of opioids 
into several forebrain regions are analgesic in this test (Manning 
et al, 1994). However, because these manipulations frequently 
do not change the analgesic efficacy of opioids in measures of 
acute phasic nociception, such as the tajlflick test, a distinction 
has been made between forebrain-dependent mechanisms for 
morphine-induced analgesia in the presence of tissue injury and 
bulbospinal mechanisms for this analgesia in the absence of tis- 
sue injury. In an important series of experiments, Manning and 
Mayer (1995a; 1995b) have shown that this distinction is not 
absolute. Analgesia induced by systemic administration of mor- 
phine in both the tailflick and formalin tests was disrupted either 
by lesioning or reversibly inactivating the central nucleus of the 
amygdala, demonstrating that opioid actions in the forebrain 
contribute to analgesia in measures of tissue damage as well 
as acute, phasic nociception. The involvement of the amygdala 
in analgesia is intriguing, as the amygdala has been implicated 
in the environmental activation of pain control circuits, and it 
projects extensively to brainstem regions involved in descending 
pain control (Manning and Mayer, 1995a; 1995b). 

Simultaneous administration of morphine at both spinal 
and supraspinal sites results in synergy in analgesic response, 
with a tenfold reduction in the total dose of morphine nec- 
essary to produce equivalent analgesia at either site alone. The 
mechanisms responsible for spinal/supraspinal synergy are read- 
ily distinguished from those involved with supraspinal anal- 
gesia (Pick et al, 1992a). In addition to the well-described 
spinal/supraspinal synergy, synergistic /z//z- and /t/j-agonist in- 
teractions also have been observed within the brainstem between 
the periaqueductal gray, locus coeruleus, and nucleus raphe mag- 
nus (Rossi et al, 1993). 

Opioids also can produce analgesia when administered pe- 
ripherally. Opioid receptors are present on peripheral nerves 
(Fields et al, 1980) and will respond to peripherally applied opi- 
oids and locally released endogenous opioid compounds when 
"up-regulated" during inflammatory pain states (Stein et al, 
1991; Stein, 1993). During inflammation, immune cells capable 
of releasing endogenous opioids are present near sensory nerves, 
and a perineural defect allows opioids access to the nerves 
(Stein, 1993; Stein, 1995). It appears that this also may occur in 
neuropathic pain models (Kayser et al, 1995), perhaps because 
of the presence of immune cells near damaged nerves (Monaco 
et al, 1992) and rjerineural defects extant in these conditions. 
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The Role of N/OFQ and Its Receptor in Pain Modulation. 
N/OFQ mRNA and peptide are present throughout descending 
pain control circuits. For instance, N/OFQ-containing neurons 
are present in the PAG, the median raphe, throughout the RVM, 
and in the superficial dorsal horn (Neal et aL, 1999b). This 
distribution overlaps with that of opioid peptides, but the extent 
of colocalization remains unclear. N/OFQ-receptor ligand bind- 
ing and mRNA are seen in the PAG, median raphe, and RVM 
(Neal et aL, 1999a). Spinally, there is stronger N/OFQ-receptor 
mRNA expression in the ventral horn than in the dorsal horn, 
but higher levels of ligand binding in the dorsal horn. There 
also are high N/OFQ-receptor mRNA levels in the DRG. 

Despite clear anatomical evidence for a role of the N/OFQ 
system in pain modulation, its function remains unclear. Tar- 
geted disruption of the N/OFQ receptor in mice had little effect 
on basal pain sensitivity in several measures, whereas targeted 
disruption of the N/OFQ precursor consistently elevated basal 
responses in the tailflick test, suggesting an important role for 
N/OFQ in regulating basal pain sensitivity (Nishi et aL, 1997; 
Koster et at., 1999). Intrathecal injections of N/OFQ have been 
shown to be analgesic (Yamamoto et aL, 1997; Xu et aL, 1996); 
however, supraspinal administration has produced either hyper- 
algesia, antiopioid effects, or a biphasic hyperalgesic/analgesic 
response (Rossi et al., 1996b, Rossi et al„ 1997; Grisel et aL, 
1996). These conflicting findings may be explained in part by 
a study in which it was shown that N/OFQ inhibits both pain- 
facilitating and analgesia-facilitating neurons in the RVM (Pan 
et aL, 2000). Activation of endogenous analgesic circuitry was 
blocked by admimstration of N/OFQ. If the animal was hy-" 
peralgesic, the enhanced pain sensitivity also was blocked by 
N/OFQ. Thus, the effects of N/OFQ on pain responses appear 
to depend on the preexisting state of pain in the animal. 



Mood Alterations and 
Rewarding Properties 

The mechanisms by which opioids produce euphoria, tran- 
quility, and other alterations of mood (including reward- 
ing properties) are not entirely clear. However, the neu- 
ral systems that mediate opioid reinforcement are distinct 
from those involved in physical dependence and analgesia 
(Koob and Bloom, 1988). Behavioral and pharmacologi- 
cal evidence points to the role of dopaminergic pathways, 
particularly involving the nucleus accumbens (NAcc), in 
drug-induced reward. There is ample evidence for interac- 
tions between opioids and dopamine in mediating opioid- 
induced reward. 

A full appreciation of mechanisms of drug-induced reward 
requires a more complete understanding of the NAcc and related 
structures at the anatomical level as well as a careful examina- 
tion of the interface between the opioid system and dopamine 
receptors. The NAcc, portions of the olfactory tubercle, and 
the ventral and medial portions of the caudate-putamen consti- 
tute an area referred to as the ventral striatum (Heimer et aL, 
1982). The ventral striatum is implicated in motivation and af- 
fect (limbic functions), while the dorsal striatum is involved in 



sensorimotor and cognitive functions (Winner aL , 1991) B rh 
the dorsal and ventral striatum are heterogeneous structures th 
can be subdivided into distinct compartments. In the middle and 
caudal third of the NAcc, the characteristic distribution of n 
roactive substances results in two unique compartments termed 
the core and the shell (Zahm and Heimer, 1988; Heimer et L 
1991). It is important to note that other reward-relevant brain 
regions (e.g., the lateral hypothalamus and medial prefrontal 
cortex) implicated with a variety of abused drugs are connected 
reciprocally to the shell of the NAcc. Thus, the shell of the 
NAcc is the site that may be involved directly in the emotional 
and motivational aspects of drug-induced reward. 

Prodynorphin- and proenkephalin-derived opioid peptides 
are expressed primarily in output neurons of the striatum and 
NAcc. All three opioid receptor types are present in the NAcc 
(Mansour et aL, 1988) and are thought to mediate, at least in 
part, the motivational effects of opiate drugs. Selective u,- and 
^-receptor agonists are rewarding when defined by place prefer- 
ence (Shippenberg et aL, 1992) and intracranial self-administra- 
tion (Devine and Wise, 1994) paradigms. Conversely, selec- 
tive k -receptor agonists produce aversive effects (Cooper, 1991- 
Shippenberg et aL, 1992). Naloxone and selective \i antagonists 
also produce aversive effects (Cooper, 1991). Positive motiva- 
tional effects of opioids are partially mediated by dopamine 
release at the level of the NAcc. Thus, k -receptor activation 
in these circuits inhibits dopamine release (Mulder et aL, 1991; 
Mulder and Schoffelmeer, 1993), while n- and S-receptor activa- 
tion increases dopamine release (Chesselet et aL, 1983; Devine 
et aL, 1993). Distinctive cell clusters in the shell of the accum- 
bens contain proenkephalin, prodynorphin, fx receptors, and k 
receptors as well as dopamine receptors. These clusters possibly 
could be a region where the motivational properties of dopamin- 
ergic and opioid drugs are processed. The potential role of these 
structures and the neural circuits in which they are embedded 
in the rewarding effects of opioids will be of great interest 

The locus ceruleus (LC) contains both noradrenergic neu- 
rons and high concentrations of opioid receptors and is postu- 
lated to play a critical role in feelings of alarm, panic, fear, and 
anxiety. Neural activity in the LC is inhibited by both exogenous 
opioids and endogenous opioid-like peptides. 

Other CNS Effects 

While opioids are used clinically primarily for their pain- 
relieving properties, they produce a host of other effects. 
This is not surprising in view of the wide distribution of 
opioids and their receptors, both in the brain and in the 
periphery. A brief summary of some of these effects ts 
presented below. High doses of opioids can produce mus- 
cular rigidity in human beings. Chest wall rigidity severe 
enough to compromise respiration is not uncommon dur- 
ing anesthesia with fentanyl, alfentanil, remifentanil, and 
sufentanil (see Monk et aL, 1988). Opioids and endoge- 
nous peptides cause catalepsy, circling, and stereotypica 1 
behavior in rats and other animals. 

Effects on the Hypothalamus. Opioids alter the equil* n ^ 
point of the hypothalamic heat-regulatory mechanisms, sucntn 
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body temperature usually falls slightly. However, chronic high 
dosage may increase body temperature (see Martin, 1983). 

Neuroendocrine Effects. Morphine acts in the hypothalamus 
to inhibit the release of gonadotropin-releasing hormone (GnRH) 
and corticotropin-releasing factor (CRF), thus decreasing cir- 
culating concentrations of luteinizing hormone (LH), follicle- 
stimulating hormone (FSH), ACTH, and ^-endorphin; the last 
two peptides usually are released simultaneously from corti- 
cotropes in the pituitary. As a result of the decreased con- 
centrations of pituitary trophic hormones, the concentrations of 
testosterone and Cortisol in plasma decline. Secretion of thy- 
rotropin is relatively unaffected. 

The administration of ft agonists increases the concentra- 
tion of prolactin in plasma, probably by reducing the dopaminer- 
gic inhibition of its secretion. Although some opioids enhance 
the secretion of growth hormone, the administration of mor- 
phine or ^-endorphin has little effect on the concentration of 
the hormone in plasma. With chronic administration, tolerance 
develops to the effects of morphine on hypothalamic releasing 
factors. Observations in patients maintained on methadone re- 
flect this phenomenon; in women, menstrual cycles that had 
been disrupted by intermittent use of heroin return to normal; 
in men, circulating concentrations of LH and testosterone are 
usually within the normal range. 

Although /c-receptor agonists inhibit the release of anti- 
diuretic hormone and cause diuresis, the administration of \l- 
opioid agonists tends to produce antidiuretic effects in human 
beings. The effects of opioids on neuroendocrine function have 
been reviewed by (Howlett and Rees, 1986) and by (Grossman, 
1988). 

Miosis. Moiphine and most [i and k agonists cause con- 
striction of the pupil by an excitatory action on the para- 
sympathetic nerve irmervating the pupil. Following toxic 
doses of fi agonists, the miosis is marked and pinpoint 
pupils are pathognomonic; however, marked mydriasis oc- 
curs when asphyxia intervenes. Some tolerance to the mi- 
otic effect develops, but addicts with high circulating con- 
centrations of opioids continue to have constricted pupils. 
Therapeutic doses of moiphine increase accommodative 
power and lower intraocular tension in both normal and 
glaucomatous eyes. 

Convulsions. In animals, high doses of morphine and 
related opioids produce convulsions. Several mechanisms 
appear to be involved, and different types of opioids 
produce seizures with different characteristics. Morphine- 
tike drugs excite certain groups of neurons, especially 
hippocampal pyrarnidal cells; these excitatory effects 
probably result from inhibition of the release of GAB A by 
intemeurons {see McGinty and Friedman, 1988). Selective 
' agonists produce similar effects. These actions may con- 
fute to the seizures that are produced by some agents at 
doses only moderately higher than those required for anal- 
gesia, especially in children. However, with most opioids, 



convulsions occur only at doses far in excess of those re- 
quired to produce profound analgesia, and seizures are not 
seen when potent \i agonists are used to produce anesthe- 
sia. Naloxone is more potent in antagonizing convulsions 
produced by some opioids (e.g., morphine, methadone, 
and propoxyphene) than those produced by others (e.g., 
meperidine). The production of convulsant metabolites of 
the latter agent may be partially responsible (see below). 
Anticonvulsant agents may not always be effective in sup- 
pressing opioid-induced seizures. 

Respiration. Morphine-like opioids depress respiration, 
at least in part by virtue of a direct effect on the brain- 
stem respiratory centers. The respiratory depression is dis- 
cernible even with doses too small to disturb conscious- 
ness and increases progressively as the dose is increased. 
In human beings, death from moiphine rx)isoning is nearly 
always due to respiratory arrest. Therapeutic doses of mor- 
phine in human beings depress all phases of respiratory 
activity (rate, minute volume, and tidal exchange) and also 
may produce irregular and periodic breathing. The dimin- 
ished respiratory volume is due primarily to a slower rate 
of breathing, and with toxic amounts the rate may fall 
to 3 or 4 breaths per minute. Although effects on respi- 
ration are readily demonstrated, clinically significant res- 
piratory depression rarely occurs with standard moiphine 
doses in the absence of underlying pulmonary dysfunction. 
However, the combination of opioids with other medica- 
tions, such as general anesthetics, tranquilizers, alcohol, 
or sedative-hypnotics, may present a greater risk of respi- 
ratory depression. Maximal respiratory depression occurs 
within 5 to 10 minutes after intravenous administration of 
morphine or within 30 or 90 minutes following intramus- 
cular or subcutaneous administration, respectively. 

Maximal respiratory depressant effects occur more 
rapidly with more lipid-soluble agents. Following thera- 
peutic doses, respiratory minute volume may be reduced 
for as long as 4 to 5 hours. The primary mechanism 
of respiratory depression by opioids involves a reduc- 
tion in the responsiveness of the brainstem respiratory 
centers to carbon dioxide. Opioids also depress the pon- 
tine and medullary centers involved in regulating respi- 
ratory rhythmicity and the responsiveness of medullary 
respiratory centers to electrical stimulation (see Martin, 
1983). 

Hypoxic stimulation of the chemoreceptors still may be ef- 
fective when opioids have decreased the responsiveness to CO2, 
and the inhalation of O2 may thus produce apnea. After large 
doses of morphine or other jjl agonists, patients will breathe 
if instructed to do so, but without such instruction they may 
remain relatively apneic. 
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Because of the accumulation of CO2, respiratory rate and 
sometimes even minute volume can be unreliable indicators of 
the degree of respiratory depression that has been produced 
by morphine. Natural sleep also produces a decrease in the 
sensitivity of the medullary center to CO2, and the effects of 
morphine and sleep are additive. 

Numerous studies have compared morphine and morphine- 
like opioids with respect to their ratios of analgesic to respiratory- 
depressant activities. Most studies have found that, when equi- 
analgesic doses are used, the degree of respiratory depression 
observed with morphine-like opioids is not significantly differ- 
ent from that seen with morphine. Severe respiratory depression 
is less likely after the administration of large doses of selective 
k agonists. High concentrations of opioid receptors and of en- 
dogenous peptides are found in the medullary areas believed to 
be important in ventilatory control. 

Cough. Morphine and related opioids also depress the 
cough reflex, at least in part by a direct effect on a cough 
center in the medulla. There is, however, no obligatory 
relationship between depression of respiration and depres- 
sion of coughing, and effective antitussive agents are avail- 
able that do not depress respiration (see below). Suppres- 
sion of cough by such agents appears to involve receptors 
in the medulla that are less sensitive to naloxone than are 
those responsible for analgesia. 

Nauseant and Emetic Effects. Nausea and vomiting pro- 
duced by morphine-like drugs are unpleasant side effects 
caused by direct stimulation of the chemoreceptor trig- 
ger zone for emesis, in the area postrema of the medulla. 
Certain individuals never vomit after morphine, whereas 
others do so each time the drug is aa^ninistered. 

Nausea and vomiting are relatively uncommon in recum- 
bent patients given therapeutic doses of morphine, but nausea 
occurs in approximately 40% and vomiting in 15% of ambu- 
latory patients given 15 mg of the drug subcutaneously. This 
suggests that a vestibular component also is operative. Indeed, 
the nauseant and emetic effects of morphine are markedly en- 
hanced by vestibular stimulation, and morphine and related syn- 
thetic analgesics produce an increase in vestibular sensitivity. All 
clinically useful \i agonists produce some degree of nausea and 
vomiting. Careful, controlled clinical studies usually demon- 
strate that, in equianalgesic dosage, the incidence of such side 
effects is not significantly lower than that seen with morphine. 
Drugs that are useful in motion sickness are sometimes help- 
ful in reducing opioid-induced nausea in ambulatory patients; 
phenothiazines are also useful (see Chapter 20). 

Cardiovascular System 

In the supine patient, therapeutic doses of morphine-like 
opioids have no major effect on blood pressure or cardiac 
rate and rhythm. Such doses do produce peripheral vasodi- 
lation, reduced peripheral resistance, and an inhibition of 



baroreceptor reflexes. Therefore, when supine patients as- 
sume the head-up position, orthostatic hypotension and 
fainting may occur. The peripheral arteriolar and venous 
dilation produced by morphine involves several mecha- 
nisms. Morphine and some other opioids provoke release 
of histamine, which sometimes plays a large role in the hy- 
potension. However, vasodilation is usually only partially 
blocked by Hi antagonists, but it is effectively reversed by 
naloxone. Morphine also blunts the reflex vasoconstriction 
caused by increased PCO2. 

Effects on the myocardium are not significant in normal in- 
dividuals. In patients with coronary artery disease but no acute 
medical problems, 8 to 15 mg of morphine administered in- 
travenously produces a decrease in oxygen consumption, left 
ventricular end-diastolic pressure, and cardiac work; effects on 
cardiac index are usually slight (Sethna et al, 1982). In patients 
with acute myocardial infarction, the cardiovascular responses 
to morphine may be more variable than in normal subjects, and 
the magnitude of changes (e.g., the decrease in blood pressure) 
may be more pronounced (see Roth et al, 1988). 

Morphine may exert its well-known therapeutic effect in the 
treatment of angina pectoris and acute myocardial infarction by 
decreasing preload, inotropy, and chronotropy, thus favorably 
altering determinants of myocardial oxygen consumption and 
helping to relieve ischemia. It is not clear whether the analgesic 
properties of morphine in this situation are due to the reversal 
of acidosis mat may stimulate local acid-sensing ion channels 
(Benson et al, 1999; McCleskey and Gold, 1999) or to a direct 
analgesic effect on nociceptive afferents from the heart 

When administered prior to experimental ischemia, mor- 
phine has been shown to produce cardioprotective effects. Mor- 
phine can mimic the phenomenon of ischemic precondition- 
ing, where a short ischemic episode paradoxically protects the 
heart against further ischemia. This effect appears to be me- 
diated through 8 receptors signaling through a mitochondrial 
ATP-sensitive potassium channel in cardiac myocytes; the effect 
also is produced by other G protein-coupled receptors signaling 
through Gj subunits (Fryer et al, 2000; Liang and Gross, 1999; 
Schultz et al, 1996). It also has been suggested recently that 
8 opioids can be antiarrhythmic and antifibrillatory during and 
after periods of ischemia (Fryer et al, 2000). Other data, how- 
ever, suggest that 8 opioids can be arrythmogenic (Mcintosh 
et al, 1992). 

Very large doses of morphine can be used to produce anes- 
thesia; however, decreased peripheral resistance and blood pres- 
sure are troublesome. Fentanyl and sufentanil, which are potent 
and selective fx agonists, are less likely to cause hemodynamic 
instability during surgery, in part because they do not cause the 
release of histamine (Monk et al, 1988). 

Morphine-like opioids should be used with caution in pa- 
tients who have a decreased blood volume, since these agents 
can aggravate hypovolemic shock. Morphine should be used 
with great care in patients with cor pulmonale, since deaths 
following ordinary therapeutic doses have been reported. The 
concurrent use of certain phenothiazines may increase the risk 
of morphine-induced hypotension. 

Cerebral circulation is not directly affected by therapeu- 
tic doses of morphine. However, opioid-induced respiratory 
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depression and CO2 retention can result in cerebral vasodilation 
and an increase in cerebrospinal fluid pressure; the pressure in- 
crease does not occur when PCO2 is maintained at normal levels 
by artificial ventilation. 



Gastrointestinal Tract 

Stomach. Morphine and other fi agonists usually de- 
crease the secretion of hydrochloric acid, although stimu- 
lation is sometimes evident. Activation of opioid receptors 
on parietal cells enhances secretion, but indirect effects, 
including increased secretion of somatostatin from the 
. pancreas and reduced release of acetylcholine, appear to 
be dominant in most circumstances (see Kromer, 1988). 
Relatively low doses of morphine decrease gastric motil- 
ity, thereby prolonging gastric emptying time; this can 
increase the likelihood of esophageal reflux (see Duthie 
and Nirnmo, 1987). The tone of the antral portion of the 
stomach and of the first part of the duodenum is increased, 
which often makes therapeutic intubation of the duodenum 
more difficult. Passage of the gastric contents through the 
duodenum may be delayed by as much as 12 hours, and 
the absorption of orally administered drugs is retarded. 

Small Intestine. Morphine diminishes biliary, pancre- 
atic, and intestinal secretions (Dooley et al, 1988) and de- 
lays digestion of food in the small intestine. Resting tone 
is increased, and periodic spasms are observed. The am- 
plitude of the nonpropulsive type of rhythmic, segmental 
contractions usually is enhanced, but propulsive contrac- 
tions are markedly decreased. The upper part of the small 
intestine, particularly the duodenum, is affected more than 
the ileum. A period of relative atony may follow the hy- 
pertonicity. Water is absorbed more completely because 
of the delayed passage of bowel contents, and intestinal 
secretion is decreased; this increases the viscosity of the 
bowel contents. 

In the presence of intestinal hypersecretion that may be as- 
sociated with diarrhea, morphine-like drugs inhibit the transfer 
of fluid and electrolytes into the lumen by naloxone-sensitive ac- 
tions on the intestinal mucosa and within the CNS. Enterocytes 
rnay possess opioid receptors, but this hypothesis is controver- 
sial. However, it is clear that opioids exert important effects on 
the submucosal plexus that lead to a decrease in the basal secre- 
tion by enterocytes and inhibition of the stimulatory effects of 
acetylcholine, prostaglandin E2, and vasoactive intestinal pep- 
fcde. The effects of opioids initiated either in the CNS or the 
submucosal plexus may be mediated in large part by the release 
or rwrepinephrine and stimulation of a 2 -adrenergic receptors on 
enterocytes (see Coupar, 1987). The actions of opioids on in- 
jestinal secretion have been reviewed by Manara and Bianchetti 
U985) and Kromer (1988). 



Large Intestine. Propulsive peristaltic waves in the colon 
are diminished or abolished after administration of mor- 
phine, and tone is increased to the point of spasm. The 
resulting delay in the passage of bowel contents causes 
considerable desiccation of the feces, which, in turn, re- 
tards their advance through the colon. The amplitude of 
the nonpropulsive type of rhythmic contractions of the 
colon usually is enhanced. The tone of the anal sphincter 
is greatly augmented, and reflex relaxation in response to 
rectal distension is reduced. These actions, combined with 
inattention to the normal sensory stimuli for defecation re- 
flex due to the central actions of the drug, contribute to 
morphine-induced constipation. 

Mechanism of Action on the Bowel. The usual gastroin- 
testinal effects of morphine primarily are mediated by /x- and 
5-opioid receptors in the bowel. However, injection of opioids 
into the cerebral ventricles or in the vicinity of the spinal cord 
can inhibit gastrointestinal propulsive activity as long as the ex- 
trinsic innervation to the bowel is intact. The relatively poor pen- 
etration of morphine into the CNS may explain how preparations 
such as paregoric can produce constipation at less than analgesic 
doses and may account for troublesome gastrointestinal side ef- 
fects during the use of oral morphine for the treatment of cancer 
pain (see Manara and Bianchetti, 1985). Although some toler- 
ance develops to the effects of opioids on gastrointestinal motil- 
ity, patients who take opioids chronically remain constipated. 

Biliary Tract After the subcutaneous injection of 10 mg 
of morphine sulfate, the sphincter of Oddi constricts and 
the pressure in the common bile duct may rise more than 
tenfold within 15 minutes; this effect may persist for 2 
hours or more. Fluid pressure also may increase in the 
gallbladder and produce symptoms that may vary from 
epigastric distress to typical biliary colic. 

Some patients with biliary colic may experience exacerbation 
rather than relief of pain when given these drugs. Spasm of 
the sphincter of Oddi is probably responsible for elevations 
of plasma amylase and lipase that are sometimes found after 
patients are given morphine. Atropine only partially prevents 
morphine-induced biliary spasm, but opioid antagonists prevent 
or relieve it Nitroglycerin (0.6 to 1.2 mg) adniinistered sub- 
lingually also decreases the elevated intrabiliary pressure (see 
Staritz, 1988). 

Other Smooth Muscle 

Ureter and Urinary Bladder. Therapeutic doses of morphine 
may increase the tone and amplitude of contractions of the 
ureter, although the response is variable. When the antidiuretic 
effects of the drug are prominent and urine flow decreases, the 
ureter may become quiescent. 

Morphine inhibits the urinary voiding reflex, and both the 
tone of the external sphincter and the volume of the bladder 
are increased; catheterization is sometimes required following 
therapeutic doses of morphine. Stimulation of either or 8 
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receptors in the brain or in the spinal cord exerts similar actions 
on bladder motility (see Dray and Nunan, 1987). Tolerance 
develops to these effects of opioids on the bladder. 

Uterus. If the uterus has been made hyperactive by oxytocics, 
morphine tends to restore tone, frequency, and the amplitude 
of contractions to normal. Parenteral administration of opioids 
within 2 to 4 hours of delivery may lead to transient respira- 
tory depression in the neonate due to transplacental passage of 
opioids. This may be treated readily with naloxone. 

Skirj 

Therapeutic doses of morphine cause dilation of cutaneous blood 
vessels. The skin of the face, neck, and upper thorax frequently 
becomes flushed. These changes may be due in part to the re- 
lease of histamine and may be responsible for the sweating and 
some of the pruritus that occasionally follow the systemic ad- 
ministration of morphine (see below). Histamine release prob- 
ably accounts for the urticaria commonly seen at the site of 
injection; this is not mediated by opioid receptors and is not 
blocked by naloxone. It is seen with morphine and meperidine, 
but not with oxymorphone, methadone, fentanyl, or sufentanil 
(see Duthie and Nimmo, 1987). 

Pruritus is a common and potentially disabling complica- 
tion of opioid use. It can be caused by intraspinal and systemic 
injections of opioids, but it appears to be more intense after 
intraspinal adrninistration (Ballantyne et aL, 1988). The effect 
appears to be mediated in large part by dorsal horn neurons and 
is reversible by naloxone (Thomas et dL, 1992). An intriguing 
report suggested that systemic morphine could partially inhibit 
pruritus caused by intraspinal administration of morphine, im- 
plying the existence of an opioid-mediated, itch-inhibition sys- 
tem, possibly supraspinal in origin (Thomas et aL, 1993). 

Immune System 

The effects of opioids on the immune system are complex. Opi- 
oids have been shown to modulate immune function by direct 
effects on cells of the immune system and indirectly via cen- 
trally mediated neuronal mechanisms (Sharp and Yaksh, 1997). 
It appears that acute, central immunomodulatory effects of opi- 
oids may be mediated by activation of the sympathetic nervous 
system, whereas the chronic effects of opioids may involve 
modulation of hypomalamic-pituitary-adrenal (HPA) axis func- 
tion (Mellon and Bayer, 1998). Direct effects on immune cells 
may involve unique and as yet incompletely characterized vari- 
ants of the classical neuronal opioid receptors, with 5-receptor 
variants being more prominent (Sharp and Yaksh, 1997). Atyp- 
ical receptors could account for the fact that it has been very 
difficult to demonstrate significant opioid binding on immune 
cells in spite of the observance of robust functional effects. In 
contrast, morphine-induced immune suppression is largely abol- 
ished in mice lacking the /x-receptor gene, suggesting that the fi 
receptor is a major target of morphine's actions on the immune 
system (Gaveriaux-Ruff et aL, 1998). A potential mechanism for 
the immune suppressive effects of morphine on neutrophils was 
proposed recently by Welters et aL (2000), who demonstrated 
that NF-jc B activation induced by an inflammatory stimulus was 
inhibited by morphine in a nitric oxide-dependent manner. An- 
other group of investigators has proposed that the induction and 
activation of MAP kinase also may play a role (Chuang et aL, 
1997). 



The overall effects of opioids on immune function a 
pear to be suppressive; increased susceptibility to infection 'rf 
tumor spread have been observed in experimental settings 
fusion of the ^-receptor antagonist naloxone has been shown 
to improve survival after experimentally induced sepsis (Risdahi 
et aL, 1998). Such effects have been inconsistent in clinical situ 
ations, possibly because of the use of confounding therapies and 
necessary opioid analgesics. In some situations, effects on im- 
mune function appear more prominent with acute administration 
than with chronic administration, which could have important 
implications for the care of the critically ill (Sharp and Yaksh. 
1997). In contrast, opioids have been shown to reverse pain- 
induced immunosuppression and increased tumor metastatic po- 
tential in animal models (Page and Ben-Eliyahu, 1997). There- 
fore, opioids may either inhibit or augment immune function 
depending on the context in which they are used. These studies 
also indicate that withholding opioids in the presence of pain 
in immunocompromised patients could actually worsen immune 
function. An intriguing recent paper indicated that the partial 
/x-receptor agonist buprenorphine (see below) did not alter im- 
mune function when injected centrally into the mesencephalic 
periaqueductal gray matter, while morphine did (Gomez-Flores 
and Weber, 2000). Taken together, these studies indicate that " 
opioid-induced immune suppression may be clinically relevant 
to bpth the treatment of severe pain and in the susceptibility 
of opioid addicts to infection (e.g., HIV, tuberculosis). Differ- 
ent opioid agonists also may have unique immunomodulatory 
properties. Better understanding of these properties eventually 
should help guide rational use of opioids in patients with cancer 
or at risk for infection or immune compromise. 

Tolerance and Physical Dependence 

The development of tolerance and physical dependence 
with repeated use is a characteristic feature of all the opi- 
oid drugs. Tolerance to the effect of opioids or other drugs 
simply means that, over time, the drug loses its effective- 
ness and an increased dose is required to produce the same 
physiological response. Dependence refers to a complex 
and poorly understood set of changes in the homeostasis 
of an organism that cause a disturbance of the homeostatic 
set point of the organism if the drug is stopped. This distur- 
bance often is revealed when administration of an opioid 
is abruptly stopped, resulting in withdrawal. Addiction is 
a behavioral pattern characterized by compulsive use of 
a drug and overwhelming involvement with its procure- 
ment and use. Tolerance and dependence are physiolog- 
ical responses seen in all patients and are not predictors 
of addiction (see Chapter 24). These processes appear to 
be quite distinct. For example, cancer pain often requires 
prolonged treatment with high doses of opioids, leading 
to tolerance and dependence. Yet, abuse in this setting is 
very unusual (Foley, 1993). Neither the presence of toler- 
ance and dependence nor the fear that they may develop 
should ever interfere with the appropriate use of opioids. 
Opioids can be discontinued in dependent patients once 
the need for analgesics is gone without subjecting them 
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to withdrawal (see Chapter 24). Clinically, the dose can be 
decreased by 10% to 20% every, other day and eventually 
stopped without signs and symptoms of withdrawal. 

In vivo studies in animal models demonstrate the im- 
portance of other neurotransmitters and their interactions 
with opioid pathways in the development of tolerance 
to morphine. Blockade of glutamate actions by NMDA 
(jV-methyl-D-aspartate)-receptor antagonists blocks mor- 
phine tolerance (Trujillo and Akil, 1997). Since NMDA 
antagonists have no effect on the potency of morphine 
in naive animals, their effect cannot be attributed to po- 
tentiation of opioid actions. Interestingly, the clinically 
used antitussive dextromethorphan (see below) has been 
shown to function as an NMDA antagonist In animals, 
it can attenuate opioid tolerance development and reverse 
established tolerance (Elliott et al, 1994). Nitric oxide 
production, possibly induced by NMDA-receptor activa- 
tion, also has been implicated in tolerance, as inhibition 
of nitric oxide synthase (NOS) also blocks morphine tol- 
erance development (Kolesnikov et al, 1993). Adminis- 
tering NOS inhibitors to morphine-tolerant animals also 
may reverse tolerance in certain circumstances. Although 
the NMDA antagonists and nitric oxide synthase inhibitors 
are effective against tolerance to morphine and 8 agonists 
such as DPDPE, they have little effect against tolerance to 
the k agonists. Dependence seems to be closely related to 
tolerance, since the same treatments that block tolerance 
to morphine also block dependence. Other related signal- 
ing systems also are being investigated as mediators of 
opioid tolerance and dependence. Hie selective actions of 
drugs on tolerance and dependence demonstrate that spe- 
cific mechanisms can be targeted to minimize these two 
unwanted actions. 

MORPHINE AND RELATED 
OPIOID AGONISTS 

There are now many compounds with pharmacological 
properties similar to those of morphine, yet morphine re- 
mains the standard against which new analgesics are mea- 
sured. However, responses of an individual patient may 
vary dramatically with different /x-opioid receptor ago- 
nists. For example, some patients unable to tolerate mor- 
phine may have no problems with an equianalgesic dose 
of methadone, whereas others can take morphine and not 
methadone. If problems are encountered with one drug, 
another should be tried. Mechanisms underlying variations 
individual responses to morphine-like agonists are not 
yet well understood. 

Source and Composition of Opium. Because the laboratory 
synthesis of morphine is difficult, the drug is still obtained 



from opium or extracted from poppy straw. Opium is obtained 
from the unripe seed capsules of the poppy plant, Papaver som- 
niferum The milky juice is dried and powdered to make pow- 
dered opium, which contains a number of alkaloids. Only a 
few — morphine, codeine, and papaverine — have clinical useful- 
ness. These alkaloids can be divided into two distinct chemical 
classes, phenanthrenes and benzylisoquinolines. The principal 
phenanthrenes are morphine (10% of opium), codeine (0.5%), 
and thebaine (0.2%). The principal benzylisoquinolines are pa- 
paverine (1.0%), which is a smooth muscle relaxant (see the 
seventh and earlier editions of this book), and noscapine (6.0%). 

Chemistry of Morphine and Related Opioids. The structure 
of morphine is shown in Table 23-5. Many semisynthetic deriva- 
tives are made by relatively simple modifications of morphine 
or thebaine. Codeine is methylmorphine, the methyl substitu- 
tion being on the phenolic hydroxyl group. Thebaine differs 
from morphine only in that both hydroxyl groups are methy- 
lated and that the ring has two double bonds (A 6,7 , A 8,14 ). 
Thebaine has little analgesic action but is a precursor of several 
important 14-OH compounds, such as oxycodone and nalox- 
one. Certain derivatives of thebaine are more than 1000 times 
as potent as morphine (e.g., etorphine). Diacetylmorphine, or 
heroin, is made from morphine by acetylation at the 3 and 
6 positions. Apomorphine, which also can be prepared from 
morphine, is a potent emetic and dopaminergic agonist Hy- 
dromorphone, oxymorphone, hydrocodone, and oxycodone also 
are made by modifying the morphine molecule. The structural 
relationships between morphine and some of its surrogates and 
antagonists are shown in Table 23-5. 

Structure-Activity Relationship of the Morphine-Like Opioids. 
In addition to morphine, codeine, and the semisynthetic deriva- 
tives of the natural opium alkaloids, a number of other struc- 
turally distinct chemical classes of drugs have pharmacological 
actions similar to those of morphine. Clinically useful com- 
pounds include the morphinans, benzomorphans, methadones, 
phenylpiperidines, and propionanilides. Although the two- 
dimensional representations of these chemically diverse com- 
pounds appear to be quite different, molecular models show 
certain common characteristics; these are indicated by the heavy 
lines in the structure of morphine shown in Table 23-5. Among 
the important properties of the opioids that can be altered by 
structural modification are their affinities for various species 
of opioid receptors, their activities as agonists versus antago- 
nists, their lipid solubilities, and their resistance to metabolic 
breakdown. For example, blockade of the phenolic hydroxyl at 
position 3, as in codeine and heroin, drastically reduces bind- 
ing to ii receptors; these compounds are converted to the po- 
tent analgesics morphine and 6-acetyl morphine, respectively, 
in vivo. 

Absorption, Distribution, Fate, and Excretion. Ab- 
sorption. In general, the opioids are readily absorbed 
from the gastrointestinal tract; absorption through the rec- 
tal mucosa is adequate, and a few agents (e.g., morphine, 
hydromorphone) are available in suppositories. The more 
lipophilic opioids also are readily absorbed through the 
nasal or buccal mucosa (Weinberg et al, 1988). Those 
with the greatest lipid solubility also can be absorbed 
transdermally (Portenoy et al., 1993). Opioids are absorbed 
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Table 23-5 

Structures of Opioids and Opioid Antagonists Chemically Related to Morphine 




MORPHINE 



NONPROPRIETARY 
NAME 


CHEMICAL RADICALS AND POSITION* 


OTHER 
CHANGESt 


3 


6 


17 


Morphine 


—OH 


—OH 


-CH 3 




Heroin 


— OCOCH 3 


— OCOCH3 


— CH 3 




Hydromorphone 


—OH 


=0 


— CH3 


(1) 


Oxymorphone 


—OH 


=0 


-ch 3 


(1), (2). 


Levorphanol 


—OH 


— H 


-ch 3 


(1), 0) 


Levallorphan 


—OH 


— H 


— CH2CH=CH2 


(1), 0) 


Codeine 


— OCH 3 


—OH 


-CH 3 




Hydrocodone 


— OCH3 


=0 


-CH 3 


(1) 


Oxycodone 


— OCH3 


=0 


— CH 3 


(1), (2) 


Nalmefene 


-OH 


=CH 2 


-CH 2 — 0 


(1), (2) 


Nalorphine 


—OH 


—OH 


— GH2CH=CH2 




Naloxone 


—OH 


=0 


— CH 2 CH— CH2 


(1), (2) 


Naltrexone 


—OH 


=0 


-CH a — 0 


(1), (2) 


Buprenorphine 


—OH 


— OCH 3 


-OH a — <| 


(1), (4) 


Butorphanol 


—OH 


— H 


-CH 2 — <^> 


(1), (2), (3) 


Nalbuphine 


—OH 


—OH 


—CHa — <~> 


(1), (2) 



*The numbers 3, 6, and 17 refer to positions in the morphine molecule, as shown above. 
tOther changes in the morphine molecule are as follows: 

(1) Single instead of double bond between C7 and C8. 

(2) OH added to C14. 

(3) No oxygen between C4 and C5. 

(4) Emioetheno bridge between C6 and C14; 1 -hydroxy- 1^-trimethylpropyl substitution on C7. 



readily after subcutaneous or intramuscular injection and 
can adequately penetrate the spinal cord following epidu- 
ral or intrathecal administration (also see section on alter- 
native routes of administration). Small amounts of mor- 
phine introduced epidurally or intrathecally into the spinal 
canal can produce profound analgesia that may last 12 
to 24 hours. However, due to the hydrophilic nature of 



morphine, there is rostral spread of the drug ui spinal 
fluid, and side effects, especially respiratory depression, 
can emerge up to 24 hours later as the opioid reaches 
supraspinal respiratory control centers. With highly lipo- 
philic agents such as hydromorphone or fentanyl, rapid ab- 
sorption by spinal neural tissues produces very localized 
effects and segmental analgesia. The duration of action 
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is shorter because of distribution of the drug in the sys- 
temic circulation, and the severity of respiratory depres- 
sion may be more directly proportional to its concentra- 
tion in plasma, due to a lesser degree of rostral spread 
(Gustafsson and Wiesenfeld-Hallin, 1988). However, pa- 
tients receiving epidural or intrathecal fentanyl still should 
be monitored for respiratory depression. 

With most opioids, including morphine, the effect 
of a given dose is less after oral than after parenteral 
a&oodnistration, due to variable but significant first-pass 
metabolism in the liver. For example, the bioavailability 
of oral preparations of morphine is only about 25%. The 
shape of the time-effect curve also varies with the route 
of administration, so that the duration of action is often 
somewhat longer with the oral route. If adjustment is made 
for variability of first-pass metabolism and clearance, it is 
possible to achieve adequate relief of pain by the oral ad- 
ministration of morphine. Satisfactory analgesia in cancer 
patients has been associated with a very broad range of 
steady- state concentrations of morphine in plasma (16 to 
364 ng/ml; Neumann et al, 1982). 

When morphine and most opioids are given intra- 
venously, they act promptly. However, the more lipid- 
soluble compounds act more rapidly than morphine after 
subcutaneous administration because of differences in the 
rates of absorption and entry into the CNS. Compared with 
other more lipid-soluble opioids such as codeine, heroin, 
and methadone, morphine crosses the blood-brain barrier 
at a considerably lower rate. 

Distribution and Fate. When therapeutic concentrations 
of morphine are present in plasma, about one-third of the 
•drug is protein bound. Morphine itself does not persist in 
tissues, and 24 hours after the last dose tissue concentra- 
tions are low. 

The major pathway for the metabolism of morphine 
■^. conjugation with glucuronic acid. The two major 
i.ffi^tolites formed are morphine-6-glucumnide and 
^narphine-3-glucuronide. Small amounts of morphine 3,6, 
l^ighicuronide also may be formed. Although the 3- and 
^glucuronides are quite polar, both can cross the blood- 
IJjrain barrier to exert significant clinical effects (Christup, 
sgfjP)* Morphine-6-glucuronide has pharmacological ac- 
^ns indistinguishable from those of morphine. Morphine- 
^lucuronide given systemically is approximately twice 
^potent as morphine in arumal models (Paul et aL, 1989) 
|f in human beings (Osborne et al, 1988). With chronic 
junistration, it accounts for a significant portion of mor- 
se's analgesic actions (Osborne et al, 1988; Osborne 
% 1990; Portenoy et al, 1991; Portenoy etal, 1992). 
|ed, with chronic oral dosing, the blood levels of 
.,rphine-6-glucuronide typically exceed those of mor- 



phine. Given its greater potency as well as its higher con- 
centrations, morphine-6-glucuronide may be responsible 
for most of morphine's analgesic activity in patients re- 
ceiving chronic oral morphine. Morphine-6-glucuronide 
is excreted by the kidney. In renal failure, the levels of 
morphine-6-glucuronide can accumulate, perhaps explain- 
ing morphine's potency and long duration in patients with 
compromised renal function. In young adults, the half-life 
of morphine is about 2 hours; the half-life of morphine- 
6-glucuronide is somewhat longer. Children achieve adult 
renal function values by 6 months of age. In elderly pa- 
tients, lower morphine doses are recommended, based on 
its smaller volume of distribution (Owen et al, 1983) and 
the general decline in renal function in the elderly. The 
3-glucuronide, also an important metabolite of morphine 
(Milne et al., 1996), has little affinity for opioid recep- 
tors but may contribute to excitatory effects of morphine 
(Smith, 2000). Some investigators also have shown that 
morphine-3-glucuronide can antagonize morphine-induced 
analgesia (Smith et al., 1990), but this finding is not uni- 
versal (Christup, 1997). Morphine also is metabolized by 
other pathways. JV-demethylation to normorphine is a mi- 
nor metabolic pathway in human beings but is more pro- 
minent in rodents (Yeh et al, 1977). N-dealkylation is 
important in the metabolism of some congeners of 
morphine. 

Excretion. Very little morphine is excreted unchang- 
ed. It is eliminated by glomerular filtration, primarily as 
morphine-3-glucuronide; 90% of the total excretion takes 
place during the first day. Enterohepatic circulation of 
morphine and its glucuronides occurs, which accounts for 
the presence of small amounts of morphine in the feces 
and in the urine for several days after the last dose. 

Codeine. In contrast to morphine, codeine is approxi- 
mately 60% as effective orally as parenterally, both as an 
analgesic and as a respiratory depressant. Codeine, like 
levorphanol, oxycodone, and methadone, has a high oral 
to parenteral potency ratio. The greater oral efficacy of 
these drugs is due to less first-pass metabolism in the liver. 
Once absorbed, codeine is metabolized by the liver, and its 
metabolites are excreted chiefly in the urine, largely in in- 
active forms. A small fraction (approximately 10%) of ad- 
ministered codeine is O-demethylated to form morphine, 
and both free and conjugated morphine can be found in 
the urine after therapeutic doses of codeine. Codeine has 
an exceptionally low affinity for opioid receptors, and the 
analgesic effect of codeine is due to its conversion to mor- 
phine. However, its antitussive actions may involve dis- 
tinct receptors that bind codeine itself. The half-life of 
codeine in plasma is 2 to 4 hours. 
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The conversion of codeine to morphine is effected by 
the cytochrome P450 enzyme CYP2D6. Well-characterized 
genetic polymorphisms in CYP2D6 lead to the inability 
to convert codeine to morphine, thus making codeine in- 
effective as an analgesic for about 10% of the Caucasian 
population (Eichelbaum and Evert, 1996). Other polymor- 
phisms can lead to enhanced metabolism and thus in- 
creased sensitivity to codeine's effects (Eichelbaum and 
Evert, 1996). Interestingly, there appears to be variation 
in metabolic efficiency among different ethnic groups. For 
example, Chinese produce less morphine from codeine 
than do Caucasians and also are less sensitive to mor- 
phine's effects than are Caucasians (Caraco et al, 1999). 
The reduced sensitivity to morphine may be due to de- 
creased production of morphine-6-glucuronide (Caraco 
et al. t 1999). Thus, it is important to consider the pos- 
sibility of metabolic enzyme polymorphism in any patient 
who does not receive adequate analgesia from codeine or 
an adequate response to other administered prodrugs. 

Tramadol. Tramadol (ULTRAM) is a synthetic codeine 
analog that is a weak /i-opioid receptor agonist. Part of its 
analgesic effects are produced by inhibition of uptake of 
norepmephrine and serotonin. Tramadol appears to be as 
effective as other weak opioids. In the treatment of mild 
to moderate pain, tramadol is as effective as morphine 
or meperidine. However, for the treatment of severe or 
chronic pain, tramadol is less effective. Tramadol is as 
effective as meperidine in the treatment of labor pain and 
may cause less neonatal respiratory depression. 

Tramadol is 68% bioavailable after a single oral dose 
and 100% available when administered intramuscularly. 
Its affinity for the \l opioid receptor is only 1/6000 that of 
morphine. However, the primary O-demethylated metabo- 
lite of tramadol is 2- to 4-times as potent as the parent drug 
and may account for part of the analgesic effect. Tramadol 
is supplied as a racemic mixture, which is more effective 
than either enantiomer alone. The (+) enantiomer binds 
to the fi receptor and inhibits serotonin uptake. The (— ) 
enantiomer inhibits norepinephrine uptake and stimulates 
a 2 -adrenergic receptors (Lewis and Han, 1997). The com- 
pound undergoes hepatic metabolism and renal excretion, 
with an elimination half-life of 6 hours for tramadol and 
15 hours for its active metabolite. Analgesia begins within 
an hour of oral dosing, and the effect peaks within 2 to 
3 hours. The duration of analgesia is about 6 hours. The 
maximum recommended daily dose is 400 mg. 

Common side effects of tramadol include nausea, 
vomiting, dizziness, dry mouth, sedation, and headache. 
Respiratory depression appears to be less than with equi- 



analgesic doses of morphine, and the degree of consti- 
pation is less than that seen after equivalent doses of 
codeine (Duthie, 1998). Tramadol can cause seizures and 
possibly exacerbate seizures in patients with predisposing 
factors. While tramadol-induced analgesia is not entirely 
reversible by naloxone, tramadol-induced respiratory de- 
pression can be reversed by naloxone. However, the use 
of naloxone increases the risk of seizure. Physical de- 
pendence on and abuse of tramadol have been reported 
Although its abuse potential is unclear, tramadol probably 
should be avoided in patients with a history of addiction 
Because of its inhibitory effect on serotonin uptake, tra- 
madol should not be used in patients taking monoamine 
oxidase (MAO) inhibitors (Lewis and Han, 1997; see also 
section on interaction of meperidine with other drugs, 
below). 

Heroin. Heroin (diacetylmorphine) is rapidly hydrolyzed 
to 6-monoacetylmorphine (6-MAM), which, in turn is hy- 
drolyzed to morphine. Both heroin and 6-MAM are more 
lipid soluble than morphine and enter the brain more read- 
ily. Current evidence suggests that morphine and 6-MAM 
are responsible for the pharmacological actions of heroin. 
Heroin is mainly excreted in the urine, largely as free and 
conjugated morphine. 

The absorption, fate, and distribution of heroin and 
other morphine-like drugs have been reviewed by (Misra, 
1978) and by (Chan and Matzke, 1987). 

Untoward Effects and Precautions. Morphine and re- 
lated opioids produce a wide spectrum of unwanted ef- 
fects, including respiratory depression, nausea, vomiting, 
dizziness, mental clouding, dysphoria, pruritus, constipa- 
tion, increased pressure in the biliary tract, urinary reten- 
tion, and hypotension. The bases of these effects have been 
described above. Rarely, a patient may develop delirium. 
Increased sensitivity to pain after the analgesia has worn 
off also may occur. 

A number of factors may alter a patient's sensitivity 
to opioid analgesics, including the integrity of the blood- 
brain barrier. For example, when morphine is administered 
to a newborn infant in weight-appropriate doses extrap- 
olated from adults, unexpectedly profound analgesia and 
respiratory depression may be observed. This is due to the 
immaturity of the blood-brain barrier in neonates (Way 
et al, 1965). As mentioned previously, morphine is hy- 
drophilic, so in the normal situation, proportionately less 
morphine crosses into the CNS than with more lipophilic 
opioids. In neonates and in other situations with a com- 
promised blood-brain barrier, lipophilic opioids may g^ e 
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more predictable clinical results than morphine. In adults, 
toe duration of the analgesia produced by morphine in- 
creases progressively with age; however, the degree of 
analgesia that is obtained with a given dose changes lit- 
tle. Changes in pharmacokinetic parameters only partially 
explain these observations. The patient with severe pain 
may tolerate larger doses of morphine. However, as the 
pain subsides, the patient may exhibit sedation and even 
respiratory depression as the stimulatory effects of pain 
are diminished. The reasons for this effect are unclear. 

All the opioid analgesics are metabolized by the liver, 
and the drugs should be used with caution in patients 
with hepatic disease, since increased bioavailability after 
oral administration or cumulative effects may occur (see 
Sawe et aL, 1981). Renal disease also significantly alters 
the pharmacokinetics of morphine, codeine, drocode (di- 
hydrocodeine), meperidine, and propoxyphene. Although 
single doses of morphine are well tolerated, the active 
metabolite, morphine-6-glucuronide, may accumulate with 
continued dosing, and symptoms of opioid overdose may 
result (see Chan and Matzke, 1987). This metabolite also 
may accumulate during repeated administration of codeine 
to patients with impaired renal function. When repeated 
doses of meperidine are given to such patients, the accu- 
mulation of normeperidine may cause tremor and seizures 
(Kaiko et aL, 1983). Similarly, the repeated administration 
of propoxyphene may lead to naloxone-insensitive cardiac 
toxicity caused by the accumulation of norpropoxyphene 
(see Chan and Matzke, 1987). 

Morphine and related opioids must be used cautiously 
in patients with compromised respiratory function, such 
as those with emphysema, kyphoscoliosis, or severe obe- 
sity. In patients with chronic cor pulmonale, death has oc- 
curred following therapeutic doses of morphine. Although 
many patients with such conditions seem to be function- 
ing within normal limits, they are already utilizing com- 
pensatory mechanisms, such as increased respiratory rate. 
Many have chronically elevated levels of plasma C0 2 and 
may be less sensitive to the stimulating actions of CO2. 
The further imposition of the depressant effects of opi- 
oids can be disastrous. The respiratory-depressant effects 
of opioids and the related capacity to elevate intracranial 
pressure must be considered in the presence of head in- 
, jury or of an already elevated intracranial pressure. While 
head injury per se does not constitute an absolute con- 
traindication to the use of opioids, the possibility of ex- 
aggerated depression of respiration and the potential need 
^control ventilation of the patient must be considered 
p^ v » sin ce opioids may produce mental clouding and 
W effects sucn 35 miosis and vomiting, which are im- 



portant signs in following the clinical course of patients 
with head injuries, the advisability of their use must be 
weighed carefully against these risks. 

Morphine causes histamine release, which can cause 
bronchoconstriction and vasodilation. Morphine has the 
potential to precipitate or exacerbate asthmatic attacks. 
The use of morphine should be avoided in patients with a 
history of asthma. Other /x-receptor agonists that do not 
release histamine, such as the fentanyi derivatives, may be 
better choices for such patients. 

Patients with reduced blood volume are considerably 
more susceptible to the vasodilatory effects of morphine 
and related drugs, and these agents must be used cau- 
tiously in patients with hypotension from any cause. 

Allergic phenomena occur with opioid analgesics, 
but they are not common. They usually are manifested 
as urticaria and other types of skin rashes such as fixed 
eruptions; contact dermatitis in nurses and pharmaceutical 
workers also occurs. Wheals at the site of injection of mor- 
phine, codeine, and related drugs are probably secondary 
to the release of histamine. Anaphylactoid reactions have 
been reported after intravenous administration of codeine 
and morphine, but such reactions are rare. It has been sug- 
gested, but not proven, that such reactions are responsible 
for some of the sudden deaths, episodes of pulmonary 
edema, and other complications that occur among addicts 
who use heroin intravenously (see Chapter 24). 

Interactions with Other Drugs. The depressant effects of some 
opioids may be exaggerated and prolonged by phenothiazines, 
monoamine oxidase inhibitors, and tricyclic antidepressants; the 
mechanisms of these supraadditive effects are not fully un- 
derstood but may involve alterations in the rate of metabolic 
transformation of the opioid or alterations in neurotransmitters 
involved in the actions of opioids. Some, but not all, phenothi- 
azines reduce the amount of opioid required to produce a given 
level of analgesia. However, depending on the specific agent, 
the respiratory-depressant effects also seem to be enhanced, the 
degree of sedation is increased, and the hypotensive effects of 
phenothiazines become an additional complication. Some phe- 
nothiazine derivatives enhance the sedative effects, but at the 
same time seem to be an ti analgesic and increase the amount of 
opioid required to produce satisfactory relief from pain. Small 
doses of amphetamine substantially increase the analgesic and 
euphoriant effects of morphine and may decrease its sedative 
side effects. A number of antihistamines exhibit modest anal- 
gesic actions; some (e.g., hydroxyzine) enhance the analgesic 
effects of low doses of opioids (Rumore and Schlichting, 1986). 
Antidepressants such as desipramine and amitriptyline are used 
in the treatment of chronic neuropathic pain but have limited in- 
trinsic analgesic actions in acute pain. However, antidepressants 
may enhance morphine-induced analgesia (Levine et aL, 1986; 
Pick et aL, 1992b). The analgesic synergism between opioids 
and aspirin-like drugs is discussed below and in Chapter 27. 



592 



SECTION m DRUGS ACTING ON THE CENTRAL NERVOUS SYSTEM 



OTHER /u-RECEPTOR AGONISTS 

Levorphanol and Congeners 

Levorphanol (LEVO-DROMORAN) is the only commercially 
available opioid agonist of the morphinan series. The 
d-isomer (dextrorphan) is relatively devoid of analgesic 
action but may have inhibitory effects at NMDA recep- 
tors. The structure of levorphanol is shown in Table 23-5. 

The pharmacological effects of levorphanol closely 
parallel those of morphine. However, clinical reports sug- 
gest that it may produce less nausea and vomiting. Al- 
though levorphanol is less effective when given orally, 
its oral-parenteral potency ratio is comparable to that of 
codeine and oxycodone. The average adult dose (2 mg 
subcutaneously) produces analgesia for a period of time 
somewhat longer than that for morphine. Levorphanol is 
metabolized less rapidly and has a half-life of about 12 to 
16 hours; repeated administration at short intervals may 
thus lead to accumulation of the drug in plasma (Foley, 
1985). 

Meperidine and Congeners 

The structural formulas of meperidine, a phenylpiperidine, 
and some of its congeners are shown in Figure 23-4. 
Meperidine is predominantly a /i-receptor agonist, and it 
exerts its chief pharmacological action on the CNS and the 
neural elements in the bowel. The use of meperidine has 
diminished in recent years due to concerns over metabo- 
lite toxicity. For this reason, meperidine is no longer rec- 
ommended for the treatment of chronic pain and should 
not be used for longer than 48 hours or in doses greater 
than 600 mg/24 hrs (Agency for Health Care Policy and 
Research, 1992). 

Pharmacological Properties. Central Nervous System. 
Meperidine produces a pattern of effects similar but not 
identical to mat described for morphine. 

Analgesia. The analgesic effects of meperidine are 
detectable about 15 minutes after oral administration, reach 
a peak in about 1 to 2 hours, and subside gradually. The 
onset of analgesic effect is faster (within 10 minutes) 
after subcutaneous or intramuscular administration, and 
the effect reaches a peak in about 1 hour that corresponds 
closely to peak concentrations in plasma. In clinical use, 
the duration of effective analgesia is approximately 1.5 
to 3 hours. In general, 75 to 100 mg of meperidine hy- 
drochloride (pethidine, DEMEROL) given parenterally is 
approximately equivalent to 10 mg of morphine, and, in 
equianalgesic doses, meperidine produces as much seda- 
tion, respiratory depression, and euphoria as does mor- 



phine. In terms of total analgesic effect, meperidine is 
about one-third as effective when given by mouth as when 
administered parenterally. A few patients may experience 
dysphoria. 

Other CNS Actions. Peak respiratory depression is 
observed within 1 hour after intramuscular administra- 
tion, and there is a return toward normal starting at about 
2 hours. Like other opioids, meperidine causes pupillary 
constriction, increases the sensitivity of the labyrinthine 
apparatus, and has effects on the secretion of pituitary 
hormones similar to those of morphine. Meperidine some- 
times causes CNS excitation, characterized by tremors, 
muscle twitches, and seizures; these effects are due largely 
to accumulation of a metabolite, normeperidine (see be- 
low). As with morphine, respiratory depression is respon- 
sible for an accumulation of CO2, which, in turn, leads to 
cerebrovascular dilation, increase in cerebral blood flow, 
and elevation of cerebrospinal fluid pressure. 

Cardiovascular System. The effects of meperidine on the car- 
diovascular system generally resemble those of morphine, in- 
cluding the ability to release histamine upon parenteral ad- 
ministration (Lee et ai, 1976). Intramuscular administration of 
meperidine does not significandy affect heart rate, but intra- 
venous administration frequently produces a marked increase in 
heart rate. 

Smooth Muscle. Meperidine has effects on certain smooth 
muscles qualitatively similar to those observed with other opi- 
oids. Meperidine does not cause as much constipation as does 
morphine even when given over prolonged periods of time; 
this may be related to its greater ability to enter the CNS, 
thereby producing analgesia at lower systemic concentrations. 
As with other opioids, clinical doses of meperidine slow gas- 
tric emptying sufficiently to delay absorption of other drugs 
significantly. 

The uterus of a nonpregnant woman usually is mildly 
stimulated by meperidine. Administered prior to an oxytocic, 
meperidine does not exert any antagonistic effect Therapeutic 
doses given during active labor do not delay the birth process; 
in fact, the frequency, duration, and amplitude of uterine con- 
traction sometimes may be increased (Zimmer et al, 1988). The 
drug does not interfere with normal postpartum contraction or 
involution of the uterus, and it does not increase the incidence 
of postpartum hemorrhage. 

Absorption, Fate, and Excretion. Meperidine is absorb- 
ed by all routes of administration, but the rate of absorp- 
tion may be erratic after intramuscular injection. The peak 
plasma concentration usually occurs at about 45 minutes, 
but the range is wide. After oral administration, only about 
50% of the drug escapes first-pass metabolism to enter the 
circulation, and peak concentrations in plasma are usually 
observed in 1 to 2 hours (Herman et al, 1985). 

Meperidine is metabolized chiefly in the liver, with 
a half-life of about 3 hours. In patients with cirrhosis, the 
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Figure 23-4. Chemical structures of piperidine and phenylpiperidine analgesics. 



bioavailability of meperidine is increased to as much as 

80%, and the half-lives of both meperidine and normeperi- , t ^ 

dine are prolonged. Approximately 60% of meperidine in dine also is 7v*-demethylated to normeperidine, which may 



In human beings, meperidine is hydrolyzed to meperi- 
dinic acid, which, in turn, is partially conjugated. Meperi- 



plasma 



is protein bound. 



then be hydrolyzed to normeperidinic acid and subsequently 
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conjugated. The clinical significance of the formation of 
normeperidine is discussed further below. Only a small 
amount of meperidine is excreted unchanged. 

Untoward Effects, Precautions, and Contraindications. 

The pattern and overall incidence of untoward effects that 
follow the use of meperidine are similar to those ob- 
served after equianalgesic doses of morphine, except that 
constipation and urinary retention may be less common. 
Patients who experience nausea and vomiting with mor- 
phine may not do so with meperidine; the converse also 
may be true. As with other opioids, tolerance develops to 
some of these effects. The contraindications are generally 
the same as for other opioids. In patients or addicts who 
are tolerant to the depressant effects of meperidine, large 
doses repeated at short intervals may produce an excita- 
tory syndrome including hallucinations, tremors, muscle 
twitches, dilated pupils, hyperactive reflexes, and convul- 
sions. These excitatory symptoms are due to the accumu- 
lation of normeperidine, which has a half-life of 15 to 
20 hours compared with 3 hours for meperidine. Opioid 
antagonists can block the convulsant effect of normeperi- 
dine in the mouse. Since normeperidine is eliminated by 
both the kidney and the liver, decreased renal or hepatic 
function increases the likelihood of such toxicity (Kaiko 
et ai, 1983). Thus, meperidine is not the drug of choice 
for the treatment of severe or prolonged pain because of 
its shorter duration of action relative to morphine and the 
potential for CNS toxicity from normeperidine. 

Interaction with Other Drugs. Severe reactions may follow 
the administration of meperidine to patients being treated with 
MAO inhibitors. Two basic types of interactions can be ob- 
served. The most prominent is an excitatory reaction with delir- 
ium, hyperthermia, headache, hyper- or hypotension, rigidity, 
convulsions, coma, and death. This reaction may be due to the 
ability of meperidine to block neuronal reuptake of serotonin 
and the resultant serotonergic overactivity (Stack et aL, 1988). 
Therefore, meperidine and its congeners should not be used 
in patients taking MAO inhibitors. Dextromethorphan also in- 
hibits neuronal serotonin uptake and should be avoided in these 
patients. As discussed above, tramadol inhibits , uptake of nor- 
epinephrine and serotonin and should not be used concomitantly 
with MAO inhibitors. Similar interactions with other currently 
used opioids have not been observed clinically. Another type of 
interaction, a potentiation of opioid effect due to inhibition of 
hepatic microsomal enzymes, also can be observed in patients 
taking MAO inhibitors, necessitating a reduction in the doses 
of opioids. 

Chlorpromazine increases the respiratory-depressant effects 
of meperidine, as do tricyclic antidepressants; this is not true of 
diazepam. Concurrent administration of drugs such as prometh- 
azine or chlorpromazine also may gready enhance meperidine- 
induced sedation without slowing clearance of the drug. Treat- 
ment with phenobarbital or phenytoin increases systemic 



clearance and decreases oral bioavailability of meperidine- 
is associated with an elevation of the concentration of norm' • 
dine in plasma (Edwards et aL, 1982). As with morphine^ 11 " 
comitant administration of amphetamine has been renortrvi ~ 
enhance the analgesic effects of meperidine and its congen l ° 
while counteracting sedation. 8 6,3 

Therapeutic Uses. The major use of meperidine is for 
analgesia. Unlike morphine and its congeners, meperidine 
is not used for the treatment of cough or diarrhea. Single 
doses of meperidine also appear to be effective in the 
treatment of postanesthetic shivering. 

Meperidine crosses the placental barrier and even in 
reasonable analgesic doses causes a significant increase in the 
percentage of babies who show delayed respiration, decreased 
respiratory minute volume, or decreased oxygen saturation, or 
who require resuscitation. Both fetal and maternal respiratory 
depression induced by meperidine can be treated with naloxone. 
The fraction of drug that is bound to protein is lower in the fe- 
tus; concentrations of free drug thus may be considerably higher 
than in the mother. Nevertheless, meperidine produces less res- 
piratory depression in the newborn than does an equianalgesic 
dose of morphine or methadone (Fishburne, 1982). 

Congeners of Meperidine. Diphenoxylate. Diphenoxylate is 
a meperidine congener that has a definite constipating effect in 
human beings. Its only approved use is in the treatment of 
diarrhea. Although single doses in the therapeutic range (see 
below) produce little or no morphine-like subjective effects, at 
high doses (40 to 60 mg) the drug shows typical opioid activity, 
including euphoria, suppression of morphine abstinence, and a 
morphine-like physical dependence after chronic administration. 
Diphenoxylate is unusual in that even its salts are virtually in- 
soluble in aqueous solution, thus obviating the possibility of 
abuse by the parenteral route. Diphenoxylate hydrochloride is 
available only in combination with atropine sulfate (LOMOTIL, 
others). The recommended daily dosage of diphenoxylate for 
treatment of diarrhea in adults is 20 mg, in divided doses. 
Difenoxin (difenoxylic acid; MOTOFEN) is one of the metabolites 
of diphenoxylate; it has actions similar to those of the parent 
compound. 

Loperamide. Loperamide (IMODIUM, others), like diphenoxy- 
late, is a piperidine derivative (see Figure 23-3). It slows gas- 
trointestinal motility by effects on the circular and longitudinal 
muscles of the intestine, presumably as a result of its interac- 
tions with opioid receptors in the intestine. Some part of its 
antidiarrheal effect may be due to a reduction of gastrointesti- 
nal secretion (see above; see also Manara and Bianchetti, 1985; 
Coupar, 1987; Kromer, 1988). In controlling chronic diarrhea, 
loperamide is as effective as diphenoxylate. In clinical stud- 
ies, the most common side effect is abdominal cramps. Little 
tolerance develops to its constipating effect. 

In human volunteers taking large doses of loperamide, 
concentrations of drug in plasma peak about 4 hours after in- 
gestion; this long latency may be due to inhibition of 
intestinal motility and to enterohepatic circulation of the drug. 
The apparent elimination half-life is 7 to 14 hours. Loperamide 
is not well absorbed after oral administration and, in addition, 
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apparently does not penetrate well into the brain because of ex- 
clusion by a P-glycoprotein transporter widely expressed in the 
blood-brain barrier (Sadeque et aL, 2000). Mice with deletions 
0 f one of the genes encoding the P-glycoprotein transporter 
have much higher brain levels and significant central effects 
gfter administration of loperamide (Schinkel et al, 1996). Inhi- 
bition of P-glycoprotein by many clinically used drugs, such as 
quinidine, verapamil, and ketoconazole, possibly could lead to 
gohanced central effects of loperamide. 

In general, loperamide is unlikely to be abused parenterally 
because of its low solubility; large doses of loperamide given 
to human volunteers do not elicit pleasurable effects typical of 
opioids. The usual dosage is 4 to 8 mg per day; the daily dose 
should not exceed 16 mg. 

Fentanyl and Congeners 

Fentanyl is a synthetic opioid related to the phenylpiperi- 
dines (see Figure 23-3). It is a /z-receptor agonist and is 
about 100-times more potent than morphine as an analgesic. 

The actions of fentanyl and its congeners, sufentanil, 
alfentanil, and remifentanil, are similar to those of other 
/i-receptor agonists. Fentanyl is a popular drug in anes- 
thetic practice because of its shorter time to peak analgesic 
effect, rapid termination of effect after small bolus doses, 
and relative cardiovascular stability (see Chapter 14). 

Pharmacological Properties. Analgesia, The anal- 
gesic effects of fentanyl and sufentanil are similar to those 
of morphine and other \x, opioids. Fentanyl is approximately 
100-times more potent than morphine, and sufentanil is 
approximately 1000-times more potent than morphine. 
These drugs are most commonly administered intrave- 
nously, although both also are commonly administered 
epidurally and intrathecally for acute postoperative and 
chronic pain management. Fentanyl and sufentanil are far 
more lipid soluble than morphine; thus the risk of de- 
layed respiratory depression due to rostral spread of in- 
traspinally administered narcotic to respiratory centers is 
greatly reduced. The time to peak analgesic effect after 
fntravenous administration of fentanyl and sufentanil is 
less than that for morphine and meperidine, with peak 
analgesia being reached after about 5 minutes, as opposed 
to approximately 15 minutes. Recovery from analgesic ef- 
fects also occurs more quickly. However, with larger doses 
^prolonged infusions, the effects of these drugs become 
. tfjPre long lasting, with durations of action becoming sim- 
ilar to those of longer acting opioids {see below). 
; 0|Afir CNS Effects. As with other //, opioids, nausea, 
i|^aiting, and itching can be observed with fentanyl. Mus- 
W$ r^S^ty wm * e possible after all narcotics, appears to 
p ^ ore common after administration of bolus doses of 
.eritanyl or its congeners. This effect is felt to be cen- 
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trally mediated and may be due in part to their increased 
potency relative to morphine. Rigidity can be mitigated 
by avoiding bolus dosing, slower administration of bo- 
luses, and by pretreatment with a nonopioid anesthetic 
induction agent Rigidity can be treated with depolarizing 
or nondepolarizing neuromuscular blocking agents while 
controlling the patient's ventilation. Care must be taken 
to make sure the patient is not aware but unable to move. 
Respiratory depression is similar to that observed with 
other /x-receptor agonists, but the onset is more rapid. As 
with analgesia, respiratory depression after small doses 
is of shorter duration than with moiphine, but of simi- 
lar duration after large doses or long infusions. As with 
morphine and meperidine, delayed respiratory depression 
also can be seen after the use of fentanyl, sufentanil, or 
alfentanil, possibly due to enterohepatic circulation. High 
doses of fentanyl can cause neuroexcitation and, rarely, 
seizure-like activity in human beings (Bailey and Stanley, 
1994). Fentanyl has minimal effects on intracranial pres- 
sure when ventilation is controlled and the arterial CO2 
concentration is not allowed to rise. 
Cardiovascular System. Fentanyl and its derivatives de- 
crease the heart rate and can mildly decrease blood pres- 
sure. However, these drugs do not release histamine and 
in general provide a marked degree of cardiovascular sta- 
bility. Direct depressant effects on the myocardium are 
minimal. For this reason, high doses of fentanyl or sufen- 
tanil commonly are used as the primary anesthetic for 
patients undergoing cardiovascular surgery or for patients 
with poor cardiac function. 

Absorption, Fate, and Excretion. These agents are 
highly lipid soluble and rapidly cross the blood-brain bar- 
rier. This is reflected in the half-life for equilibration be- 
tween the plasma and CSF of approximately 5 minutes 
for fentanyl and sufentanil. The levels in plasma and CSF 
rapidly decline due to redistribution of fentanyl from highly 
perfused tissue groups to other tissues, such as muscle and 
fat. As saturation of less-well-perfused tissue occurs, the 
duration of fentanyl's and sufentanil's effects approach 
the length of their elimination half lives of between 3 
and 4 hours (Sanford and Gutstein, 1995). Fentanyl and 
sufentanil undergo hepatic metabolism and renal excre- 
tion. Therefore, with the use of higher doses or pro- 
longed infusions, fentanyl and sufentanil become longer 
acting. 

Therapeutic Uses. Fentanyl citrate (SVBUMAZB) and 
sufentanil citrate (SUFENTA) have gained widespread pop- 
ularity as anesthetic adjuvants (see Chapter 14). They 
commonly are used either intravenously, epidurally, or 
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intrathecally. A formulation of fentanyl and droperidol 
(INNOVAR) was commonly used for anesthesia. However, 
dysphoric side effects of droperidol have limited the pop- 
ularity of this combination. Epidural use of fentanyl and 
sufentanil for postoperative or labor analgesia has gained 
increasing popularity. A combination of epidural opioids 
with local anesthetics permits reduction in the dosage of 
both components, minimizing the side effects of both lo- 
cal anesthetics {Le., motor blockade) and opioids {Le., uri- 
nary retention, itching, and delayed respiratory depression 
in the case of moiphine). Intravenous use of fentanyl and 
sufentanil for postoperative pain has been effective but 
limited by clinical concerns about muscle rigidity. How- 
ever, the use of fentanyl and sufentanil in chronic pain 
treatment has become more widespread. Epidural and in- 
trathecal infusions, both with and without local anesthetic, 
are used in the management of chronic malignant pain 
and selected cases of nonmalignant pain. Also, the de- 
velopment of novel, less invasive routes of administra- 
tion for fentanyl has facilitated the use of these com- 
pounds in chronic pain management. Transdermal patches 
(DURAGESIC) that provide sustained release of fentanyl for 
48 hours or more are available. However, factors promot- 
ing increased absorption {e.g., fever) can lead to relative 
overdosage and increased side effects {see also the sec- 
tion on alternative routes of administration, below). Also, 
the FENTANYL ORALET, a formulation that permits rapid 
absorption of fentanyl through the buccal mucosa (much 
like a lollipop), was tried as an anesthetic premedicant 
but did not gain wide acceptance due to undesirable side 
effects in opioid-naive patients (nausea, vomiting, pruri- 
tus, and respiratory depression). A similar fentanyl prod- 
uct, ACTIQ, is available in higher strengths and is used 
for relief of breakthrough cancer pain (Ashburn et al t 
1989). 

Alfentanil and Remifentanil. These compounds were 
developed in an effort to create analgesics with a more 
rapid onset and predictable tennination of opioid effects. 
The potency of remifentanil is approximately equal to 
that of fentanyl and is between 20- and 30-times greater 
than that of alfentanil. The pharmacological properties 
of alfentanil and remffentanil are similar to those of fen- 
tanyl and sufentanil. They have similar incidences of nau- 
sea, vomiting, and dose-dependent muscle rigidity. Nau- 
sea, vomiting, itching, and headaches have been reported 
when remifentanil has been used for conscious analge- 
sia for painful procedures. Intracranial pressure changes 
are minimal when ventilation is controlled. Seizures after 
remifentanil administration have not yet been reported. 



Absorption, Fate and Excretion. Both alfentanil 
remifentanil have a more rapid onset of analgesic acti** 
than do fentanyl on sufentanil. Analgesic effects oc ° D 
within of 1 to 1.5 minutes. After intravenous adnu^f 
tration, alfentanil is metabolized in the liver similarly to 
fentanyl and sufentanil, with an elimination half-lif e 0 f 
1 to 2 hours. The duration of action of alfentanil is de 
pendent on both the dose and length of administration! 
Remifentanil is unique in that it is metabolized by plasma 
esterases (Burkle et ai, 1996). Elimination is independent 
of hepatic metabolism or renal excretion, and the elimina- 
tion half-life is 8 to 20 minutes. There is no prolongation 
of effect with repeated dosing or prolonged infusion. Age 
and weight can affect clearance of remifentanil, requiring 
that dosage be reduced in the elderly and based on lean 
body mass. However, neither of these conditions causes 
major changes in duration of effect After 3- to 5-hour 
infusions of remifentanil, recovery of respiratory function 
can be seen within 3 to 5 minutes, while full recovery from 
all effects of remifentanil is observed within 15 minutes 
(Glass et al. t 1999). The primary metabolite, remifentanil 
acid, is 2000- to 4000-times less potent than remifentanil 
and is renaily excreted. Peak respiratory depression after 
bolus doses of remifentanil occurs after 5 minutes (Patel 
and Spencer, 1996). 

Therapeutic Uses. Alfentanil hydrochloride (ALFENTA) 
and remifentanil hydrochloride (ULTIVA) are useful for 
short, painful procedures that require intense analgesia and 
blunting of stress responses. The titratability of remifen- 
tanil and its consistent, rapid offset make it ideally suited 
for short surgical procedures where rapid recovery is an 
issue. Remifentanil also has been used successfully for 
longer neurosurgical procedures, where rapid emergence 
from anesthesia is important. However, in cases where 
postprocedural analgesia is required, remifentanil alone 
is a poor choice. In this situation, either a longer-acting 
opioid or another analgesic modality should be combined 
with remifentanil for prolonged analgesia, or another opi- 
oid should be used. Alfentanil has been administered in- 
traspinally for pain control. Remifentanil is presently not 
used intraspinally, as glycine in the drug vehicle can cause 
temporary motor paralysis. It is generally given by contin- 
uous intravenous infusion, as its short duration of action 
makes bolus administration impractical. 

Methadone and Congeners 

Methadone is a long-lasting ^-receptor agonist with phar- 
macological properties qualitatively similar to those of 
morphine. 
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Chemistry- Methadone has the following structural formula: 




METHADONE 



The analgesic activity of the racemate is almost entirely the 
issult of its content of /-methadone, which is 8- to 50-tiraes more 
potent than the d isomer, ^-methadone also lacks significant 
respiratory depressant action and addiction liability, but it does 
possess antitussive activity. 

Pharmacological Actions. The outstanding properties of 
methadone are its analgesic activity, its efficacy by the oral 
route, its extended duration of action in suppressing with- 
drawal symptoms in physically dependent individuals, and 
its tendency to show persistent effects with repeated ad- 
ministration. Miotic and respiratory-depressant effects can 
be detected for more than 24 hours after a single dose and, 
upon repeated adininistration, marked sedation is seen in 
some patients. Effects on cough, bowel motility, biliary 
tone, and the secretion of pituitary hormones are qualita- 
tively similar to those of morphine. 

Absorption, Fate, and Excretion. Methadone is well 
absorbed from the gastrointestinal tract and can be de- 
tected in plasma within 30 minutes after oral ingestion; it 
reaches peak concentrations at about 4 hours. After thera- 
peutic doses, about 90% of methadone is bound to plasma 
proteins. Peak concentrations occur in the brain within 1 
or 2 hours after subcutaneous or intramuscular adminis- 
tration, and this correlates well with the intensity and du- 
ration of analgesia. Methadone also can be absorbed from 
the buccal mucosa (Weinberg et al., 1988). 

Methadone undergoes extensive biotransformation in 
the liver. The major metabolites, the results of iV-demethyl- 
ation and cyclization to form pyrrolidines and pyrroline, 
are excreted in the urine and the bile along with small 
amounts of unchanged drug. The amount of methadone 
excreted in the urine is increased when the urine is acid- 
ified. The half-life of methadone is approximately 15 to 
40 hours. 

Methadone appears to be firmly bound to protein in 
various tissues, including brain. After repeated adminis- 
tration there is gradual accumulation in tissues. When ad- 
nunistration is discontinued, low concentrations are main- 
tained in plasma by slow release from extravascular 



binding sites (see Kreek, 1979); this process probably ac- 
counts for the relatively mild but protracted withdrawal 
syndrome. 

Side Effects, Toxicity, Drug Interactions, and Precautions. 

Side effects, toxicity, and conditions that alter sensitivity, as 
well as the treatment of acute intoxication, are similar to those 
described for morphine. During long-term administration, there 
may be excessive sweating, lymphocytosis, and increased con- 
centrations of prolactin, albumin, and globulins in the plasma. 
Rifampin and phenytoin accelerate the metabolism of methadone 
and can precipitate withdrawal symptoms (see Kreek, 1979). 

Tolerance and Physical Dependence. Volunteer postaddicts 
who receive subcutaneous or oral methadone daily develop 
partial tolerance to the nauseant, anorectic, miotic sedative, 
respiratory-depressant, and cardiovascular effects of methadone. 
Tolerance develops more slowly to methadone than to morphine 
in some patients, especially with respect to the depressant ef- 
fects. However, this may be related in part to cumulative effects 
of the drug or its metabolites. Tolerance to the constipating ef- 
fect of methadone does not develop as fully as does tolerance to 
other effects. The behavior of addicts who "use methadone par- 
enterally is strikingly similar to that of morphine addicts, but 
many former heroin users treated with oral methadone show 
virtually no overt behavioral effects. 

Development of physical dependence during the long-term 
administration of methadone can be demonstrated by drug with- 
drawal or by administration of an opioid antagonist Subcuta- 
neous administration of 10 to 20 mg of methadone to former 
opioid addicts produces definite euphoria equal in duration to 
that caused by morphine, and its overall abuse potential is com- 
parable to that of morphine. 

Therapeutic Uses. The primary uses of methadone hy- 
drochloride (DOLOPHINE, others) are relief of chronic pain, 
treatment of opioid abstinence syndromes, and treatment 
of heroin users. It is not widely used as an antiperistaltic 
agent It should not be used in labor. 

Analgesia. The onset of analgesia occurs 10 to 20 minutes 
following parenteral administration and 30 to 60 minutes after 
oral medication. The average nunimal effective analgesic con- 
centration in blood is about 30 ng/ml (Gourlay et al, 1986). 
The typical oral dose is 2.5 to 15 mg, depending on the severity 
of the pain and the response of the patient. The initial parenteral 
dose is usually 2.5 to 10 mg. Care must be taken when escalating 
the dosage, because of the prolonged half-life of the drug and 
its tendency to accumulate over a period of several days with 
repeated dosing. Despite its longer plasma half-life, the duration 
of the analgesic action of single doses is essentially the same as 
that of morphine. With repeated usage, cumulative effects are 
seen, so that either lower dosage or longer intervals between 
doses become possible. In contrast to morphine, methadone and 
many of its congeners retain a considerable degree of their ef- 
fectiveness when given orally. In terms of total analgesic effects, 
methadone given orally is about 50% as effective as the same 
dose adrninistered intramuscularly; however, the oral-parenteral 
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potency ratio is considerably lower when peak analgesic effect is 
considered. In equi analgesic doses, the pattern and incidence of 
untoward effects caused by methadone and morphine are similar. 

Levomethadyl Acetate. Levomethadyl acetate (/-a-acetyl- 
methadol; ORLAAM) is a congener of methadone that is ap- 
proved for use in maintenance programs for the treatment of 
heroin addicts. The drug is thought to act, in part, by its con- 
version to active metabolites, which explains its slow onset 
and protracted duration of action. The slow onset of effect can 
be problematic in the treatment of addicts {see Chapter 24). 
In physically dependent subjects taking levomethadyl acetate, 
withdrawal symptoms are not perceived for 72 to 96 hours after 
the last oral dose. Most subjects are comfortable taking a single 
dose as infrequently as every 72 hours (see Ling et aL, 1978). 
The d isomer of methadyl acetate is inactive. 

Propoxyphene 

Propoxyphene is structurally related to methadone (see below). 
Its analgesic effect resides in the dextro isomer, ^-propoxyphene 
(dextropropoxyphene). However, levopropoxyphene seems to 
have some antitussive activity. The structure of propoxyphene 
is shown below. 



"? H 3 
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CH 3 



PROPOXYPHENE 

Pharmacological Actions. Although slightly less selective than 
morphine, propoxyphene binds primarily to ^-opioid receptors 
and produces analgesia and other CNS effects mat are similar 
to those seen with morphine-like opioids. It is likely that at 
equianalgesic doses the incidence of side effects such as nausea, 
anorexia, constipation, abdominal pain, and drowsiness would 
be similar to those of codeine. 

As an analgesic, propoxyphene is about one-half to two- 
thirds as potent as codeine given orally. Ninety to 120 mg of 
propoxyphene hydrochloride administered orally would equal 
the analgesic effects of 60 mg of codeine, a dose that usu- 
ally produces about as much analgesia as 600 mg of aspirin. 
Combinations of propoxyphene and aspirin, like combinations 
of codeine and aspirin, afford a higher level of analgesia than 
does either agent given alone (Beaver, 1988). 

Absorption, Fate, and Excretion. Following oral adminis- 
tration, concentrations of propoxyphene in plasma reach their 
highest values at 1 to 2 hours. There is great variability between 
subjects in the rate of clearance and the plasma concentrations 
that are achieved. The average half-life of propoxyphene in 
plasma after a single dose is from 6 to 12 hours, which is 
longer than that of codeine. In human beings, the major route 
of metabolism is JV-demethylation to yield norpropoxyphene. 



The half-life of norpropoxyphene is about 30 hours, and its 
cumulation with repeated doses may be responsible for so 
the observed toxicity (see Chan and Matzke, 1987). me °f 

Toxicity. Given orally, propoxyphene is approximately 0 n e 
third as potent as orally administered codeine in depressine 
piration. Moderately toxic doses usually produce CNS and res ~ 
ratory depression, but with still-larger doses the clinical nichf" 
may be complicated by convulsions in addition to respiratory 
depression. Delusions, hallucinations, confusion, cardiotoxic 
ity, and pulmonary edema also have been noted. Respiratory- 
depressant effects are significantly enhanced when ethanol or 
sedative-hypnotics are ingested concurrently. Naloxone antag- 
onizes the respiratory-depressant, convulsant, and some of the 
cardiotoxic effects of propoxyphene. 

Tolerance and Dependence. Very large doses [800 mg of pro- 
poxyphene hydrochloride (DARVON, others) or 1200 mg of the 
napsylate (DARVON-N) per day] reduce the intensity of the mor- 
phine withdrawal syndrome somewhat less effectively than do 
1500-mg doses of codeine. Maximal tolerated doses are equiva- 
lent to daily doses of 20 to 25 mg of morphine, given subcuta- 
neously. The use of higher doses of propoxyphene is prevented 
by untoward side effects and the occurrence of toxic psy- 
choses. Very large doses produce some respiratory depression 
in morphine-tolerant addicts, suggesting that cross-tolerance be- 
tween propoxyphene and morphine is incomplete. Abrupt dis- 
continuation of chronically administered propoxyphene hydro- 
chloride (up to 800 mg per day, given for almost 2 months) 
results in mild abstinence phenomena, and large oral doses 
(300 to 600 mg) produce subjective effects that are considered 
pleasurable by postaddicts. The drug is quite irritating when ad- 
ministered either intravenously or subcutaneously, so that abuse 
by these routes results in severe damage to veins and soft tissues. 

Therapeutic Uses. Propoxyphene is recommended for the treat- 
ment of mild-to-moderate pain. Given acutely, the commonly 
prescribed combination of 32 mg of propoxyphene with aspirin 
may not produce more analgesia than aspirin alone, and doses of 
65 mg of the hydrochloride or 100 mg of the napsylate are sug- 
gested. Propoxyphene is most often given in combination with 
aspirin or acetaminophen. The wide popularity of propoxyphene 
in clinical situations in which codeine was once used is largely 
a result of unrealistic overconcern about the addictive potential 
of codeine. 



ACUTE OPIOID TOXICITY 

Acute opioid toxicity may result from clinical overdosage, 
accidental overdosage in addicts, or attempts at suicide. 
Occasionally, a delayed type of toxicity may occur from 
the injection of an opioid into chilled skin areas or in 
patients with low blood pressure and shock. The drug 
is not fully absorbed, and, therefore, a subsequent dose 
may be given. When normal circulation is established, an 
excessive amount may be absorbed suddenly. It is dir- 
ficult to define the exact amount of any opioid that is 
toxic or lethal to human beings. Recent experiences wi 
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methadone indicate that, in nontolerant individuals, seri- 
ous toxicity may follow the oral ingestion of 40 to 60 mg. 
Older literature suggests that, in the case of morphine, a 
normal, pain-free adult is not likely to die after oral doses 
of less than 120 mg or to have serious toxicity with less 
than 30 mg parenterally. 

Symptoms and Diagnosis. The patient who has taken an over- 
dose of an opioid usually is stuporous or, if a large overdose 
has been taken, may be in a profound coma. The respiratory 
rate will be very low or the patient may be apneic, and cyanosis 
may be present As respiratory exchange decreases, blood pres- 
sure, at first likely to be near normal, will fall progressively. If 
adequate oxygenation is restored early, the blood pressure will 
improve; if hypoxia persists untreated, there may be capillary 
damage, and measures to combat shock may be required The 
pupils will be symmetrical and pinpoint in size; however, if 
hypoxia is severe, they may be dilated. Urine formation is de- 
pressed. Body temperature falls, and the skin becomes cold and 
clammy. The skeletal muscles are flaccid, the jaw is relaxed, 
and the tongue may fall back and block the airway. Frank con- 
vulsions occasionally may be noted in infants and children. 
When death occurs, it is nearly always due to respiratory fail- 
ure. Even if respiration is restored, death still may occur as a 
result of complications that develop during the period of coma, 
such as pneumonia or shock. Noncardiogenic pulmonary edema 
is seen commonly with opioid poisoning. It . probably is not 
due to contaminants or to anaphylactoid reactions, and it has 
been observed following toxic doses of morphine, methadone, 
propoxyphene, and uncontarninated heroin. 



rhythmias and pulmonary edema (see Duthie and Nimmo, 
1987). For reversing opioid poisoning in children, the ini- 
tial dose of naloxone is 0.01 mg/kg. If no effect is seen af- 
ter a total dose of 10 mg, one can reasonably question the 
accuracy of the diagnosis. Pulmonary edema sometimes 
associated with opioid overdosage may be countered by 
positive-pressure respiration. Tonic-clonic seizures, occa- 
sionally seen as part of the toxic syndrome with meperi- 
dine and propoxyphene, are ameliorated by treatment with 
naloxone. 

The presence of general CNS depressants does not prevent 
the salutary effect of naloxone, and in cases of mixed intoxica- 
tions, the situation will be improved largely due to antagonism 
of the respiratory-depressant effects of the opioid. However, 
some evidence indicates mat naloxone and naltrexone also may 
antagonize some of the depressant actions of sedative^hypnotics 
(see below). One need not attempt to restore the patient to full 
consciousness. The duration of action of the available antago- 
nists is shorter than that of many opioids; hence, patients must 
be watched carefully, lest they slip back into coma. This is par- 
ticularly important when the overdosage is due to methadone 
or Z-acetylmethadol. The depressant effects of these drugs may 
persist for 24 to 72 hours, and fatalities have occurred as a 
result of premature discontinuation of naloxone. In cases of 
overdoses of these drugs, a continuous infusion of naloxone 
should be considered. Toxicity due to overdose of pentazocine 
and other opioids with mixed actions may require higher doses 
of naloxone. The pharmacological actions of opioid antagonists 
are discussed in more detail below. 



The triad of coma, pinpoint pupils, and depressed 
respiration strongly suggests opioid poisoning. The find- 
ing of needle marks suggestive of addiction further sup- 
ports the diagnosis. Mixed poisonings, however, are not 
uncommon. Examination of the urine and gastric contents 
for drugs may aid in diagnosis, but the results usually 
become available too late to influence treatment. 

Treatment The first step is to establish a patent airway 
and ventilate the patient. Opioid antagonists (see below) 
can produce dramatic reversal of the severe respiratory 
depression, and the antagonist naloxone (see below) is 
the treatment of choice. However, care should be taken 
to avoid precipitating withdrawal in dependent patients, 
who may be extremely sensitive to antagonists. The safest 
approach is to dilute the standard naloxone dose (0.4 mg) 
and slowly administer it intravenously, monitoring arousal 
and respiratory function. With care, it usually is possible 
to reverse the respiratory depression without precipitat- 
ing a major withdrawal syndrome. If no response is seen 
with the first dose, additional doses can be given. Patients 
should be observed for rebound increases in sympathetic 
nervous system activity, which may result in cardiac ar- 



OPIOID AGONIST/ANTAGONISTS 
AND PARTIAL AGONISTS 

The drugs described in this section differ from clinically 
used /x-opioid receptor agonists. Drugs such as nalbuphine 
and butorphanol are competitive /x-receptor antagonists 
but exert their analgesic actions by acting as agonists at k 
receptors. Pentazocine qualitatively resembles these drugs, 
but it may be a weaker /i-receptor antagonist or partial ag- 
onist while retaining its /oagonist activity. Buprenorphine, 
on the other hand, is a partial agonist at \i receptors. The 
stimulus for the development of mixed agonist/antagonist 
drugs was a need for analgesics with less respiratory de- 
pression and addictive potential. Currently, the clinical use 
of these compounds is limited by undesirable side effects 
and by limited analgesic effects. 

Pentazocine 

Pentazocine was synthesized as part of a deliberate effort to 
develop an effective analgesic with little or no abuse potential. 
It has both agonistic actions and weak opioid antagonistic ac- 
tivity. The pharmacology of pentazocine has been reviewed by 
(Brogden et al, 1973). 
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Chemistry. Pentazocine is a 1 
following structural formula: 



i derivative with the 




N— CH 2 CH=C / 

7 V CH 3 
CH 3 

PENTAZOCINE 

The compound has a large substituent on the nitrogen atom that 
is analogous to position 17 of morphine. This structural feature 
is common to a number of opioids with antagonist or agonist/ 
antagonist activity. The analgesic and respiratory-depressant ac- 
tivity of the racemate is due mainly to the / isomer. 

Pharmacological Actions. The pattern of CNS effects pro- 
duced by pentazocine is generally similar to that of the morphine- 
like opioids, including analgesia, sedation, and respiratory de- 
pression. The analgesic effects of pentazocine are due to agonistic 
actions at K-opioid receptors. Higher doses of pentazocine (60 
to 90 mg) elicit dysphoric and psychotomimetic effects. The 
mechanisms responsible for these side effects are not known 
but might involve activation of supraspinal tc receptors, since it 
has been suggested that these untoward effects may be reversible 
by naloxone. 

The cardiovascular responses to pentazocine differ from 
those seen with typical yx-receptor agonists, in that high doses 
cause an increase in blood pressure and heart rate. In patients 
with coronary artery disease, pentazocine administered intra- 
venously elevates mean aortic pressure, left ventricular end- 
diastolic pressure, and mean pulmonary artery pressure and 
causes an increase in cardiac work (Alderman et al, 1972; Lee 
et al, 1976). A rise in the concentrations of catecholamines in 
plasma may account for its effects on blood pressure. 

Pentazocine acts as a weak antagonist or partial agonist 
at /4-opioid receptors. Low doses (20 mg given parenterally) 
depress respiration as much as does 10 mg of morphine, but in- 
creasing the pentazocine dose does not produce a proportionate 
increase in respiratory depression. Pentazocine does not antag- 
onize the respiratory depression produced by morphine. How- 
ever, when given to patients dependent on morphine or other 
^-receptor agonists, pentazocine may precipitate withdrawal. In 
patients tolerant to morphine-like opioids, pentazocine reduces 
the analgesia produced by their administration, even when clear- 
cut withdrawal symptoms are not precipitated. Ceiling effects 
for both analgesia and respiratory depression are observed above 
50 to 100 mg of pentazocine (Bailey and Stanley, 1994). 

Absorption, Fate, and Excretion. Pentazocine is well ab- 
sorbed from the gastrointestinal tract and from subcutaneous 
and intramuscular sites. Peak analgesia occurs 15 minutes to 
1 hour after intramuscular administration and 1 to 3 hours af- 
ter oral admmistration. The half-life in plasma is 4 to 5 hours. 
First-pass metabolism in the liver is extensive, and somewhat 
less than 20% of pentazocine enters the systemic circulation. 
Drug action is terminated by hepatic metabolism and renal 
excretion. 



Side Effects, Toxicity, and Precautions. The most common] 
reported untoward effects are sedation, sweating, and dizzi 
or lightheadedness; nausea also occurs, but vomiting is 
common than with morphine. Psychotomimetic effects, such^ 
uncontrollable or weird thoughts, anxiety, nightmares, and halhT 
cinations, occur with parenteral doses above 60 mg.EpidenuV 
logical data suggest that overdose with pentazocine alone rarely 
causes death. High doses produce marked respiratory depression 
associated with increased blood pressure and tachycardia. The 
respiratory depression is antagonized by naloxone. Pentazocine 
is irritating when administered subcutaneously or intramuscu- 
larly. Repeated injections over long periods may cause extensive 
fibrosis of subcutaneous and muscular tissue. Patients who have 
been receiving opioids on a regular basis may experience ab- 
stinence signs and symptoms when given pentazocine. After 
an opioid-free interval of 1 to 2 days, it is usually possible 
to administer pentazocine without producing such withdrawal 
effects. 



Tolerance and Physical Dependence. With frequent and re- 
peated use, tolerance develops to the analgesic and subjective 
effects of pentazocine. However, pentazocine does not prevent 
or ameliorate the morphine withdrawal syndrome. Instead, when 
high doses of pentazocine are given to subjects dependent on 
morphine, it precipitates withdrawal symptoms because of its 
antagonistic actions at the \i receptor. 

After long-term administration (60 mg every 4 hours), 
postaddicts develop physical dependence that can be demon- 
strated by abrupt withdrawal or by the administration of nalox- 
one. The withdrawal syndrome after chronic doses of more 
than 500 mg per day, although milder in intensity than with- 
drawal from morphine, includes abdominal cramps, anxiety, 
chills, elevated temperature, vomiting, lacrimation, and sweat- 
ing. Pentazocine withdrawal symptoms can be managed by 
gradual reduction of pentazocine itself or by substitution of 
/i-receptor agonists, such as morphine or methadone. A syn- 
drome of withdrawal from pentazocine also has been observed 
in neonates. 



Therapeutic Uses. Pentazocine is used as an analgesic. Al- 
though the risk of drug dependence exists, it may be lower than 
that associated with the use of morphine-like drugs in similar 
circumstances. Because abuse patterns appear to be less likely 
to develop with oral administration, this route should be used 
whenever possible. 

Pentazocine lactate (TALWIN) is available as a solution 
for injection. In an effort to reduce the use of tablets as a 
source of injectable pentazocine, tablets for oral use now contain 
pentazocine hydrochloride (equivalent to 50 mg of the base) 
and naloxone hydrochloride (equivalent to 0.5 mg of the base; 
talwin NX). After oral ingestion, naloxone is destroyed rapidly 
by the liver, however, if the material is dissolved and injected, 
the naloxone produces aversive effects in subjects dependent 
on opioids. Tablets containing mixtures of pentazocine with as- 
pirin (TALWIN COMPOUND) or acetaminophen (TALCEN) also are 
available. In terms of analgesic effect, 30 to 60 mg of penta- 
zocine given parenterally is approximately equivalent to 10 mg 
of morphine. An oral dose of about 50 mg of pentazocine results 
in analgesia equivalent to that produced by 60 mg of codeine 
orally. 
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Nalbuphine 

Nalbuphine is related structurally to both naloxone and oxy- 
morphone (see Table 23-5). It is an agonist/antagonist opioid 
w ith a spectrum of effects that qualitatively resembles that of 
pentazocine; however, nalbuphine is a more potent antagonist at 
pi receptors and is less likely to produce dysphoric side effects 
than is pentazocine. 

pharmacological Actions and Side Effects. An intramuscu- 
lar dose of 10 mg of nalbuphine is equianalgesic to 10 mg of 
morphine, with similar onset and duration of both analgesic and 
subjective effects. Nalbuphine depresses respiration as much as 
do equianalgesic doses of morphine. However, nalbuphine ex- 
hibits a ceiling effect, such that increases in dosage beyond 
30 mg produce no further respiratory depression. However, a 
ceiling effect for analgesia also is reached at this point. In con- 
trast to pentazocine and butorphanol, 10 mg of nalbuphine given 
to patients with stable coronary artery disease does not produce 
an increase in cardiac index, pulmonary arterial pressure, or 
cardiac work, and systemic blood pressure is not significantly 
altered; these indices also are relatively stable when nalbuphine 
is given to patients with acute myocardial infarction (see Roth 
et al, 1988). Its gastrointestinal effects are probably similar to 
those of pentazocine. Nalbuphine produces few side effects at. 
doses of 10 mg or less; sedation, sweating, and headache are the 
most common. At much higher doses (70 mg), psychotomimetic 
side effects (dysphoria, racing thoughts, and distortions of body 
image) can occur. Nalbuphine is metabolized in the liver and has 
a half-life in plasma of 2 to 3 hours. Given orally, nalbuphine 
is 20% to 25% as potent as when given intramuscularly. 

Tolerance and Physical Dependence. In subjects dependent 
on low doses of morphine (60 mg per day), nalbuphine pre- 
cipitates an abstinence syndrome. Prolonged adrninistration of 
nalbuphine can produce physical dependence. The withdrawal 
syndrome is similar in intensity to that seen with pentazocine. 
The potential for abuse of parenteral nalbuphine in subjects not 
dependent on /x-receptor agonists is probably similar to that of 
parenteral pentazocine. 

Therapeutic Uses. Nalbuphine hydrochloride (NUBAIN) is used 
to produce analgesia. Because it is an agonist/antagonist, ad- 
ministration to patients who have been receiving morphine-like 
opioids may create difficulties unless a brief drug-free interval 
is interposed. The usual adult dose is 10 mg parenterally every 
3 to 6 hours; this may be increased to 20 mg in nontolerant 
individuals. 

Butorphanol 

Butorphanol is a morphinan congener with a profile of actions 
similar to those of pentazocine. The structural formula of bu- 
torphanol is shown in Table 23-5. 

Pharmacological Actions and Side Effects. In postoperative 
patients, a parenteral dose of 2 to 3 mg of butorphanol produces 
analgesia and respiratory depression approximately equal to that 
Produced by 10 mg of morphine or 80 to 100 mg of meperidine; 
the onset, peak, and duration of action are similar to those 
jhat follow the adrninistration of morphine. The plasma half- 
bfe of butorphanol is about 3 hours. Like pentazocine, analgesic 



doses of butorphanol produce an increase in pulmonary arterial 
pressure and in the work of the heart; systemic arterial pressure 
is slightly decreased (Popio et al> 1978). 

The major side effects of butorphanol are drowsiness, weak- 
ness, sweating, feelings of floating, and nausea. While the in- 
cidence of psychotomimetic side effects is lower than that with 
equianalgesic doses of pentazocine, they are qualitatively simi- 
lar. Physical dependence on butorphanol can occur. 

Therapeutic Uses. Butorphanol tartrate (STADOL) is better 
suited for the relief of acute rather than chronic pain. Because 
of its side effects on the heart, it is less useful than morphine 
or meperidine in patients with congestive heart failure or my- 
ocardial infarction. The usual dose is between 1 and 4 mg of 
the tartrate given intramuscularly, or 0.5 to 2 mg given intra- 
venously every 3 to 4 hours. A nasal formulation (STADOL NS) 
is available and has proven to be effective. This formulation is 
particularly useful for patients with severe headaches who may 
be unresponsive to other forms of treatment 

Buprenorphine 

Buprenoiphine is a semisynthetic, highly lipophilic opioid de- 
rived from thebaine (see Table 23-5). It is 25 to 50 times more 
potent than morphine. 

Pharmacological Actions and Side Effects. Buprenorphine 
produces analgesia and other CNS effects that are qualitatively 
similar to those of morphine. About 0.4 mg of buprenorphine 
is equianalgesic with 10 mg of morphine given intramuscularly 
(Wallenstein et al., 1986). Although variable, the duration of 
analgesia is usually longer than that of morphine. Some of the 
subjective and respiratory-depressant effects are unequivocally 
slower in onset and longer lasting than those of morphine. For 
example, peak miosis occurs about 6 hours after intramuscular 
injection, while maximal respiratory depression is observed at 
about 3 hours. 

Buprenorphine appears to be a partial /i-receptor agonist. 
Depending on the dose, buprenorphine may cause symptoms of 
abstinence in patients who have been receiving /i-receptor ago- 
nists (morphine-like drugs) for several weeks. It antagonizes the 
respiratory depression produced by anesthetic doses of fentanyl 
about as well as does naloxone, without completely preventing 
opioid pain relief (Boysen et al., 1988). Although respiratory de- 
pression has not been a major problem in clinical trials, it is not 
clear whether or not there is a ceiling for this effect (as seen 
with nalbuphine and pentazocine). The respiratory depression 
and other effects of buprenorphine can be prevented by prior 
administration of naloxone, but they are not readily reversed 
by high doses of naloxone once the effects have been pro- 
duced. This suggests that buprenorphine dissociates very slowly 
from opioid receptors. The half-life for dissociation from the 
/i receptor is 166 minutes for buprenorphine, as opposed to 
7 minutes for fentanyl (Boas and Villiger, 1985). Therefore, 
plasma levels of buprenorphine may not parallel clinical effects. 
Cardiovascular and other side effects (sedation, nausea, vomit- 
ing, dizziness, sweating, and headache) appear to be similar to 
those of morphine-like opioids. 

Buprenorphine is relatively well absorbed by most routes. 
Administered sublingualis the drug (0.4 to 0.8 rag) produces 
satisfactory analgesia in postoperative patients. Concentrations 
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in blood peak within 5 minutes after intramuscular injection and 
within 1 to 2 hours after oral or sublingual administration. While 
the half-life in plasma has been reported to be about 3 hours, 
this value bears little relationship to the rate of disappearance of 
effects (see above). Both N-dealkylated and conjugated metabo- 
lites are detected in the urine, but most of the drug is excreted 
unchanged in the feces. About 96% of the circulating drug is 
bound to protein. 

Physical Dependence. When buprenorphine is discontinued, 
a withdrawal syndrome develops that is delayed in onset for 
2 days to 2 weeks; this consists of typical, but generally not 
very severe, morphine-like withdrawal signs and symptoms, and 
it persists for about 1 to 2 weeks (Bickel et al, 1988; Fudala 
et aL, 1989). 

Therapeutic Uses. Buprenorphine. (BUPRENEX) may be used 
as an analgesic and also has proven to be useful as a mainte- 
nance drug for opioid-dependent subjects (Johnson et at, 2000). 
The drug was approved provisionally for use in the treatment 
of heroin addiction when the Drug Addiction Treatment Act 
was passed by the United States Congress and signed by the 
President in October of 2000. Approval by the Food and Drug 
Adnunistration is pending. 

The usual intramuscular or intravenous dose for analgesia 
is 0.3 mg, given every 6 hours. Sublingual doses of 0.4 to 0.8 mg 
produce effective analgesia, and doses of 6 to 8 mg appear to 
be about equal to 60 mg of methadone as a maintenance agent 

Other Agonist/Antagonists 

Meptazinol is an agonist/antagonist opioid that is about one- 
tenth as potent as morphine in producing analgesia. Its duration 
of action is somewhat shorter than that of morphine. Mep- 
tazinol also has cholinergic actions that may contribute to its 
analgesic effects (see Holmes and Ward, 1985). Nevertheless, 
its analgesic actions are antagonized by naloxone, and it can 
precipitate withdrawal in animals dependent on ji-receptor ago- 
nists. The potential for abuse of meptazinol is less than that of 
morphine because dysphoric side effects appear when the dose 
is increased. Dezocine (dalgan), an aminotetralin, is another 
agonist/antagonist; its potency and duration of analgesic effect 
are similar to those of morphine. Increasing the dose above 
30 mg does not produce progressively more severe respiratory 
depression. In postaddicts, its subjective effects are similar to 
those of ^-agonist opioids (Jasinski and Preston, 1985). 



OPIOID ANTAGONISTS 

Under ordinary circumstances, the drugs to be discussed 
in this section produce few effects unless opioids with ag- 
onistic actions have been administered previously. How- 
ever, when the endogenous opioid systems are activated, 
as in shock or certain forms of stress, the adrmnistration of 
an opioid antagonist alone may have visible consequences. 
These agents have obvious therapeutic utility in the treat- 
ment of overdosage with opioids. As the understanding of 
the role of endogenous opioid systems in pathophysiolog- 



ical states increases, additional therapeutic indications for 
these antagonists may develop. 

Chemistry. Relatively minor changes in the structure of an 
opioid can convert a drug that is primarily an agonist into 
one with antagonistic actions at one or more types of opi- 
oid receptors. The most common such substitution is that of a 
larger moiety (e.g., an allyl or methylcyclopropyl group) for the 
Af-methyl group that is typical of the /i-receptor agonists. Such 
substitutions transform morphine to nalorphine, levorphanol to 
levailorphan, and oxymorphone to naloxone or naltrexone (see 
Table 23-5). In some cases, congeners are produced that are 
competitive antagonists at fi receptors but that also have ago- 
nistic actions at k receptors. Nalorphine and levailorphan have 
such properties. Other congeners, especially naloxone and nal- 
trexone, appear to be devoid of agonistic actions and probably 
interact with all types of opioid receptors, albeit with widely 
different affinities (see Martin, 1983). 

Nalmefene (revix) is a relatively pure ^-receptor antag- 
onist that is more potent than naloxone (Dixon et al, 1986). 
A number of other nonpeptide antagonists have been devel- 
oped that are relatively selective for individual types of opi- 
oid receptors. These include cypridime and p-funaltrexarmne 
(/J-FNA) (fx), naltrindole (£), and nor-binaltorphimine (k) (see 
Portoghese, 1989; Pasternak, 1993). 



Pharmacological Properties 

If endogenous opioid systems have not been activated, the 
pharmacological actions of opioid antagonists depend on 
whether or not an opioid agonist has been adrninistered 
previously, on the pharmacological profile of that opioid, 
and on the degree to which physical dependence on an 
opioid has developed. 

Effects in the Absence of Opioid Drugs. Subcutaneous 
doses of naloxone (NARCAN; up to 12 mg) produce no 
discernible subjective effects in human beings, and 24 mg 
causes only slight drowsiness. Naltrexone (REVIA) also ap- 
pears to be a relatively pure antagonist but with higher oral 
efficacy and a longer duration of action. At high doses, 
both naloxone and naltrexone may have some special ag- 
onistic effects. However, these are of little clinical signif- 
icance. At doses in excess of 0.3 mg/kg of naloxone, nor- 
mal subjects show increased systolic blood pressure and 
decreased performance on tests of memory. High doses 
of naltrexone appeared to cause mild dysphoria in one 
study but almost no subjective effect in several others (see 
Gonzalez and Brogden, 1988). 

Although high doses of antagonists might be expected 
to alter the actions of endogenous opioid peptides, the de- 
tectable effects are usually both subtle and limited (Cannon 
and Liebeskind, 1987). Most likely, this reflects the low levels 
of tonic activity of the opioid systems. In this regard, analgesic 
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effects can be differentiated from endocrine effects, in which 
naloxone causes readily demonstrable changes in hormone lev- 
els (see below). It is interesting that naloxone appears to block 
the analgesic effects of placebo medications and acupuncture. In 
laboratory animals, the administration of naloxone will reverse 
or attenuate the hypotension associated with shock of diverse 
origins including mat caused by anaphylaxis, endotoxin, hypo- 
volemia, and injury to the spinal cord; opioid agonists aggravate 
these conditions (Amir, 1988). Naloxone apparently acts to an- 
tagonize the actions of endogenous opioids that are mobilized 
by pain or stress and that are involved in the regulation of 
blood pressure by the CNS. Although neural damage that fol- 
lows trauma to the spinal cord or cerebral ischemia also appears 
to involve endogenous opioids, it is not certain whether opioid 
antagonists can prevent damage to these or other organs and/or 
increase rates of survival. Nevertheless, opioid antagonists can 
reduce the extent of injury in some animal models, perhaps by 
blocking k receptors (Faden, 1988). 

As noted above, endogenous opioid peptides participate in 
the regulation of pituitary secretion, apparently by exerting tonic 
inhibitory effects on the release of certain hypothalamic hor- 
mones (see Chapter 56). Thus, the administration of naloxone or 
naltrexone increases the secretion of gonadotropin-releasing hor- 
mone and corticotropin-releasing factor and elevates the plasma 
concentrations of LH, FSH, and ACTH, as well as the hor- 
mones produced by their target organs. Antagonists do not con- 
sistently alter basal or stress-induced concentrations of prolactin 
in plasma in men; paradoxically, naloxone stimulates the release 
of prolactin in women. Opioid antagonists augment the increases 
in plasma concentrations of Cortisol and catecholamines that nor- 
mally accompany stress or exercise. The neuroendocrine effects 
of opioid antagonists have been reviewed (Hewlett and Rees, 
1986). Endogenous opioid peptides probably have some role in 
the regulation of feeding or energy metabolism, because opioid 
antagonists increase energy expenditure and interrupt hiberna- 
tion in appropriate species and induce weight loss in genetically 
obese rats. The antagonists also prevent stress-induced overeat- 
ing and obesity in rats. These observations have led to the ex- 
perimental use of opioid antagonists in the treatment of human 
obesity, especially that associated with stress-induced eating dis- 
orders. However, naltrexone does not accelerate weight loss in 
very obese subjects, even though short-term administration of 
opioid antagonists reduce food intake in both lean and obese 
individuals (Atkinson, 1987). 

Antagonistic Actions. Small doses (0.4 to 0.8 mg) of 
naloxone given intramuscularly or intravenously prevent 
or promptly reverse the effects of /z-receptor agonists. In 
patients with respiratory depression, an increase in respira- 
tory rate is seen within 1 or 2 minutes. Sedative effects are 
reversed, and blood pressure, if depressed, returns to nor- 
mal. Higher doses of naloxone are required to antagonize 
the respiratory-depressant effects of buprenorphine; 1 mg 
of naloxone intravenously completely blocks the effects of 
25 mg of heroin. Naloxone reverses the psychotomimetic 
and dysphoric effects of agonist/antagonist agents such as 
pentazocine, but much higher doses (10 to 15 mg) are 
required. The duration of antagonistic effects depends on 



the dose but is usually 1 to 4 hours. Antagonism of opioid 
effects by naloxone often is accompanied by "overshoof ' 
phenomena. For example, respiratory rate depressed by 
opioids transiently becomes higher than that prior to the 
period of depression. Rebound release of catecholamines 
may cause hypertension, tachycardia, and ventricular ar- 
rhythmias. Pulmonary edema also has been reported after 
naloxone adrmnistration. 

Effects in Physical Dependence* In subjects who are 
dependent on moiphine-like opioids, small subcutaneous 
doses of naloxone (0.5 mg) precipitate a moderate-to- 
severe withdrawal syndrome that is very similar to that 
seen after abrupt withdrawal of opioids, except that the 
syndrome appears within minutes after administration and 
subsides in about 2 hours. The severity and duration of 
the syndrome are related to the dose of the antagonist 
and to the degree and type of dependence. Higher doses 
of naloxone will precipitate a withdrawal syndrome in 
patients dependent on pentazocine, butorphanol, or nal- 
buphine. Naloxone produces "overshoot" phenomena sug- 
gestive of early acute physical dependence 6 to 24 hours 
after a single dose of a agonist (see Heishman et al, 
1989). 

t 

Tolerance and Physical Dependence* Even after pro- 
longed adrmnistration of high doses, discontinuation of 
naloxone is not followed by any recognizable withdrawal 
syndrome, and the withdrawal of naltrexone, another rela- 
tively pure antagonist, produces very few signs and symp- 
toms. However, long-term administration of antagonists 
increases the density of opioid receptors in the brain and 
causes a temporary exaggeration of responses to the sub- 
sequent administration of opioid agonists (Yoburn et at, 
1988). Naltrexone and naloxone have little or no potential 
for abuse. 

Absorption. Fate, and Excretion. Although absorbed 
readily from the gastrointestinal tract, naloxone is almost 
completely metabolized by the liver before reaching the 
systemic circulation and thus must be administered par- 
enterally. The drug is absorbed rapidly from parenteral 
sites of injection and is metabolized in the liver, primarily 
by conjugation with glucuronic acid; other metabolites are 
produced in small amounts. The half-life of naloxone is 
about 1 hour, but its clinically effective duration of action 
can be even less. 

Compared with naloxone, naltrexone retains much 
more of its efficacy by the oral route, and its duration 
of action approaches 24 hours after moderate oral doses. 



604 



SECTION ID DRUGS ACTING ON THE CENTRAL NERVOUS SYSTEM 



Peak concentrations in plasma are reached within 1 to 
2 hours and then decline with an apparent half-life of 
approximately 3 hours; this value does not change with 
long-term use. Naltrexone is metabolized to 6-naltrexol, 
which is a weaker antagonist but has a longer half-life 
of about 13 hours. Naltrexone is much more potent than 
naloxone, and 100-mg oral doses given to patients ad- 
dicted to opioids produce concentrations in tissues suf- 
ficient to block the euphorigenic effects of 25-mg intra- 
venous doses of heroin for 48 hours (see Gonzalez and 
Brogden, 1988). 

Therapeutic Uses 

Opioid antagonists have established uses in the treatment 
of opioid-induced toxicity, especially respiratory depres- 
sion; in the diagnosis of physical dependence on opioids; 
and as therapeutic agents in the treatment of compulsive 
users of opioids, as discussed in Chapter 24. Their poten- 
tial utility in the treatment of shock, stroke, spinal cord 
and brain trauma, and other disorders that may involve 
mobilization of endogenous opioid peptides remains to be 
established. Naltrexone is approved by the United States 
Food and Drug Administration for treatment of alcoholism 
(see Chapters 18 and 24). 

Treatment of Opioid Overdosage. Naloxone hydrochlo- 
ride is used to treat opioid overdose. As discussed earlier, 
it acts rapidly to reverse the respiratory depression asso- 
ciated with high doses of opioids. However, it should be 
used cautiously, since it also can precipitate withdrawal in 
dependent subjects and cause undesirable cardiovascular 
side effects. By carefully titrating the dose of naloxone, it 
usually is possible to antagonize the respiratory-depressant 
actions without eliciting a full withdrawal syndrome. The 
duration of action of naloxone is relatively short, and it 
often must be given repeatedly or by continuous infusion. 
Opioid antagonists also have been effectively employed to 
decrease neonatal respiratory depression secondary to the 
intravenous or intramuscular aaministration of opioids to 
the mother. In the neonate, the initial dose is 10 Mg/kg, 
given intravenously, intramuscularly, or subcutaneously. 

CENTRALLY ACTIVE 
ANTITUSSIVE AGENTS 

Cough is a useful physiological mechanism that serves 
to clear the respiratory passages of foreign material and 
excess secretions. It should not be suppressed indiscrimi- 
nately. There are, however, many situations in which cough 



does not serve any useful purpose but may, instead, only 
annoy the patient or prevent rest and sleep. Chronic cough 
can contribute to fatigue, especially in elderly patients. In 
such situations the physician should use a drug that will 
reduce the frequency or intensity of the coughing. The 
cough reflex is complex, involving the central and periph- 
eral nervous systems as well as the smooth muscle of the 
bronchial tree. It has been suggested that irritation of the 
bronchial mucosa causes bronchoconstriction, which, in 
turn, stimulates cough receptors (which probably repre- 
sent a specialized type of stretch receptor) located in tra- 
cheobronchial passages. Afferent conduction from these 
receptors is via fibers in the vagus nerve; central compo- 
nents of the reflex probably involve several mechanisms 
or centers that are distinct from the mechanisms involved 
in the regulation of respiration. 

The drugs that direcdy or indirectly can affect this 
complex mechanism are diverse. For example, cough may 
be the first or only symptom in bronchial asthma or al- 
lergy, and in such cases bronchodilators (e.g., /^-adrenergic 
receptor agonists; see Chapter 10) have, been shown to re- 
duce cough without having any significant central effects; 
other drugs act primarily on the central or the peripheral 
nervous system components of the cough reflex. The early 
literature on antitussives has been reviewed by Eddy et al 
(1969). 

A number of drugs are known to reduce cough as a 
result of their central actions, although the exact mech- 
anisms are still not entirely clear. Included among them 
are the opioid analgesics discussed above (codeine and 
hydrocodone are the opioids most commonly used to sup- 
press cough), as well as a number of nonopioid agents. 
Cough suppression often occurs with lower doses of opi- 
oids than those needed for analgesia. A 10- or 20-mg oral 
dose of codeine, although ineffective for analgesia, pro- 
duces a demonstrable antitussive effect, and higher doses 
produce even more suppression of chronic cough. 

In selecting a specific centrally active agent for a 
particular patient, the significant considerations are its an- 
titussive efficacy against pathological cough and the in- 
cidence and type of side effects to be expected. In the 
majority of situations requiring a cough suppressant, lia- 
bility for abuse need not be a major consideration. Most 
of the nonopioid agents now offered as antitussives are ef- 
fective against cough induced by a variety of experimental 
techniques. However, the ability of these tests to predict 
clinical efficacy is limited. 

Dextromethorphan. Dextromethorphan (J-3-methoxy- 
A/-methylmorphinan) is the d isomer of the codeine ana- 
log methorphan; however, unlike the / isomer, it has no 
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analgesic or addictive properties and does not act through 
opioid receptors. The drug acts centrally to elevate the 
threshold for coughing. Its effectiveness in patients with 
pathological cough has been demonstrated in controlled 
studies; its potency is nearly equal to that of codeine. 
Compared with codeine, dextromethorphan produces fewer 
subjective and gastrointestinal side effects (Matthys et at, 
1983). In therapeutic dosages, the drug does not inhibit 
ciliary activity, and its antitussive effects persist for 5 to 
6 hours. Its toxicity is low, but extremely high doses may 
produce CNS depression. 

Sites that bind dextromethorphan with high affinity have 
been identified in membranes from various regions of the brain 
(Craviso and Musacchio, 1983). Although dextromethorphan is 
known to function as an NMDA-receptor antagonist, these bind- 
ing sites are not limited to the known distribution of NMDA 
receptors (Elliott et aL, 1994). Thus, the mechanism by which 
dextromethorphan exerts its antitussive effects is still unclear. 
Two other known antitussives, carbetapentane and caramiphen, 
also bind avidly to this site, but codeine, levopropoxyphene, and 
other antitussive opioids (as well as naloxone) are not bound. 
Although noscapine (see below) enhances the affinity of dex- 
tromethorphan, it appears to interact with distinct binding sites 
(Karlsson et aL, 1988). The relationship of these binding sites 
to antitussive actions is not known; however, these observations, 
coupled with the ability of naloxone to antagonize the antitussive 
effects of codeine but not those of dextromethorphan, indicate 
that cough suppression can be achieved by a number of differ- 
ent mechanisms. The average adult dosage of dextromethorphan 
hydrobmmide is 10 to 30 mg three to six times daily; however, 
as is the case with codeine, higher doses often are required. The 
drug is generally marketed for "over-the-counter** sale in numer- 
ous syrups and lozenges or in combinations with antihistamines 
and other agents. 

Other Drugs. Levopropoxyphene napsylate, the /-isomer of 
dextropropoxyphene, in doses of 50 to 100 mg orally, appears to 
suppress cough to about the same degree as does 30 mg of dex- 
tromethorphan. Unlike dextropropoxyphene, levopropoxyphene 
has little or no analgesic activity. 

Noscapine is a naturally occurring opium alkaloid of the 
henzylisoquinoline group; except for its antitussive effect, it has 
no significant actions on the CNS in doses within the therapeutic 
range. The drug is a potent releaser of histamine, and large doses 
cause bronchoconstriction and transient hypotension. 

Other drugs that have been used as centrally acting an- 
titussives include carbetapentane, caramiphen, chlophedianol, 
diphenhydramine, and glaucine. Each is a member of a dis- 
tinct pharmacological class unrelated to the opioids. The mecha- 
nism of action of diphenhydramine, an antihistamine, is unclear. 
Although sedative effects are common, paradoxical excitement 
jaay be seen in infants; dryness of mucous membranes caused 
*>y anticholinergic effects and thickening of mucus may be a 
disadvantage. In general, the toxicity of these agents is low, 
Du t controlled clinical studies are still insufficient to determine 
whether or not they merit consideration as alternatives to more 
thoroughly studied agents. 



Pholcodine [3-0-(2-morpholinoethyl)morphine] is used cli- 
nically in many countries outside the United States. Although 
structurally related to the opioids, it has no opioid-like actions 
because the substitution at the 3-position is not removed by 
metabolism. Pholcodine is at least as effective as codeine as 
an antitussive; it has a long half-life and can be given once or 
twice daily (see Findlay, 1988). 

Benzonatate (TES SALON) is a long-chain polyglycol deriva- 
tive chemically related to procaine and believed to exert its 
antitussive action on stretch or cough receptors in the lung, as 
well as by a central mechanism. It has been administered by all 
routes; the oral dosage is 100 mg three times daily, but higher 
doses have been used. 



THERAPEUTIC USES OF 
OPIOID ANALGESICS 

Sir William Osier called morphine "God's own medicine." 
Opioids are still the mainstay of pain treatment. However, 
the development of new analgesic compounds and new 
routes of administration have increased the therapeutic op- 
tions available to clinicians, while at the same time helping 
to minimize undesirable side effects. In this section, we 
will outline guidelines for rational drug selection, discuss 
routes of administration other than the standard oral and 
parenteral methods, and outline general principles for the 
use of opioids in acute and chronic pain states. 

Extensive efforts by many individuals and organi- 
zations have resulted in the publication of many useful 
guidelines for the administration of opioids. These have 
been developed for a number of clinical situations, includ- 
ing acute pain, trauma, cancer, nonmalignant chronic pain, 
and treatment of pain in children (Agency for Health Care 
Policy and Research, 1992a, 1992b, 1994; International 
Association for the Study of Pain, 1992; American Pain 
Society, 1999; Grossman et aL, 1999; World Health Orga- 
nization, 1998; Berde et aL, 1990). These guidelines pro- 
vide comprehensive discussions of dosing regimens and 
drug selection and also provide protocols for the manage- 
ment of complex conditions. In the case of cancer pain, 
adherence to standardized protocols for cancer pain man- 
agement (Agency for Health Care Policy and Research, 
1994) has been shown to improve pain management sig- 
nificantly (Du Pen et aL, 1999). Guidelines for the oral 
and parenteral dosing of commonly used opioids are pre- 
sented in Table 23-6. 

These guidelines are for acute pain management in 
opioid-naive patients. Adjustments will need to be made 
for use in opioid-tolerant patients and in chronic pain 
states. For children under 6 months of age, especially 
those who are ill or premature, expert consultation should 
be obtained. The pharmacokinetics and potency of opioids 
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can be substantially altered in these patients, and in some 
cases there is a significant risk of apnea. It also should 
be noted that there is substantial individual variability in 
responses to opioids. A standard intramuscular dose of 
10 mg of morphine sulfate will relieve severe pain ade- 
quately in only 2 of 3 patients. Adjustments will have to 
be made based on clinical response. 

In general, it is recommended that opioids always 
be combined with other analgesic agents, such as non- 
steroidal anti-inflammatory drugs (NSAIDS) or acetami- 
nophen. In this way, one can take advantage of additive 
analgesic effects and minimize the dose of opioids and 
thus undesirable side effects. In some situations, NSAIDS 
can provide analgesia equal to that produced by 60 mg 
of codeine. Potentiation of opioid action by NSAIDs may 
be due to increased conversion of arachidonic acid to 12- 
lipoxygenase products that facilitate effects of opioids on 
K + channels (Vaughan etal, 1997). This "opioid-sparing" 
strategy is the backbone of the "analgesic ladder" for pain 
management proposed by the World Health Organization. 
(1990). Weaker opioids can be supplanted by stronger 
opioids in cases of moderate and severe pain. In addi- 
tion, analgesics always should be dosed in a continuous 
or "around the clock" fashion rather than on an as needed 
basis for chronic severe pain. This provides more con- 
sistent analgesic levels and avoids unnecessary suffering. 
Knowledge of the pharmacological profiles of analgesics 
allows the rational selection of dosing intervals without 
risk of overdosage. 

. Factors guiding the selection of specific opioid com- 
pounds for pain treatment include potency, pharmacoki- 
netic characteristics, and the routes of administration avail- 
able. A more potent compound could be useful when 
high doses of opioid are required, so the medicine can 
be given in a smaller volume. Duration of action also is 
an important consideration. For example, a long-acting 
opioid such as methadone may be appropriate when less- 
frequent dosing is desired. For short, painful procedures, a 
quick-acting, fast-dissipating compound such as remifen- 
tanil would be a useful choice. In special cases, where 
a lower addiction risk is required or in patients unable 
to tolerate other opioids, a partial agonist or mixed ago- 
nist/antagonist compound might be a rational choice. The 
properties of some commonly used orally-administered 
opioids are discussed in more detail below. 

Morphine is available for oral use in standard and controlled- 
release preparations. Due to first-pass metabolism, morphine is 
two- to sixfold less potent orally than parenterally. This is im- 
portant to remember when converting a patient from parenteral 
to oral medication. There is wide variability in the first-pass 
metabolism, and the dose should be titrated to the patient's 
needs. In children who weigh less than 50 kg, morphine can 



be given at 0.1 mg/kg every 3 to 4 hours parenterally or at 
0.3 mg/kg orally. 

Codeine is widely used only due to its high oral/parenteral 
potency ratio. Orally, codeine at 30 mg is approximately equi- 
analgesic to 325 to 600 mg of aspirin. Combinations of codeine 
with aspirin or acetaminophen usually provide additive actions, 
and at these doses analgesic efficacy can exceed that of 60 mg 
of codeine (see Beaver, 1988). Many drugs can be used instead 
of either morphine or codeine, as shown in Table 23-6. Oxy- 
codone, with its high oral/parenteral potency ratio, is widely 
used in combination with aspirin (PERCODAN, others) or acet- 
aminophen (PERCOCET 2.5/325, others), although it is available 
alone (ROXICODINE, others). 

Heroin (cuacetymioiphine) is not available for therapeutic 
use in the United States, although it has been used in the United 
Kingdom. Given intramuscularly, it is approximately twice as 
potent as morphine. Pharmacologically, heroin is very similar to 
morphine and does not appear to have any unique therapeutic 
advantages over the available opioids (Sawynok, 1986; Kaiko 
et al, 1981). It also may be helpful to employ other agents 
(adjuvants) that enhance opioid analgesia and that may add 
beneficial effects of their own. For example, the combination 
of an opioid with a small dose of amphetamine may augment 
analgesia while reducing the sedative effects. Certain antide- 
pressants, such as amitriptyline and desipramine, also may en- 
hance opioid analgesia, and they may have analgesic actions in 
some types of neuropathic (deafferentation) pain (see McQuay, 
1988). Other potentially useful adjuvants include certain antihis- 
tamines, anticonvulsants such as carbamazepine and phenytoin, 
and glucocorticoids. 

Alternative Routes of Administration 

In addition to the traditional oral and parenteral formula- 
tions for opioids, many other methods have been devel- 
oped in an effort to improve therapeutic efficacy while 
minimizing side effects. These routes also improve the 
ease of use of opioids, and increase patient satisfaction. 

Patient-Controlled Analgesia (PCA). With this modal- 
ity, the patient has limited control of the dosing of opioid 
from an infusion pump within tightly mandated parame- 
ters. PCA can be used for intravenous or epidural infusion. 
This technique avoids any delays in administration and 
permits greater dosing flexibility than other regimens, bet- 
ter adapting to individual differences in responsiveness to 
pain and to opioids. It also gives the patient a greater sense 
of control. With shorter-acting opioids, serious toxicity or 
excessive use rarely occurs. An early concern that self- 
administration of opioids would increase the probability 
of addiction has not materialized. PCA is suitable for both 
adults and children, and it is preferred over intramuscular 
injections for postoperative pain control (Rodgers et al, 
1988). 

Computer-Assisted Continuous Infusion (CACI). The idea 
behind this mode of administration is to enable clinicians to 
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Table 23-7 

Intraspinal Opioids for the Treatment of Acute Pain 



DURATION OF EFFECT 



DRUG 


CTXT/^I T? HAPCj. 

olNOLb IX)5>JS* 

(mg) 


INFUSION RATE** 
(mg/hr) 


ONSET 
(minutes) 


OF A SINGLE DOSE*** 
(hours) 


Epidural 










Morphine 


1-6 


0.1-1.0 


30 


6-24 


Meperidine 


20-150 


5-20 


5 




Methadone 


1-10 


0.3-0.5 


10 


6-10 


Hydromorphone 


1-2 


0.1-0.2 


15 


10-16 


Fentanyl 


0.025-0.1 


0.025-0.10 


5 


2-4 


Sufentanil 


0.01-0.06 


0.01-0.05 


5 


2-4 


Alfentanil 


0.5-1 


0.2 


15 


1-3 


Subarachnoid 










Morphine 


0.1-0.3 




15 


8-24+ 


Meperidine 


10-30 




? 


10-24+ 


Fentanyl 


0.005-0.025 




5 


3-6 



*Low doses may be effective when administered to the elderly or when injected in the cervical or thoracic 
region. 

**If combining with a local anesthetic, consider using 0.0625% bupivacaine. 
***Duration of analgesia varies widely; higher doses produce longer duration. 
SOURCE Adapted from International Association for the Study of Pain, 1992. 



titrate intravenous agents in a fashion similar to that used in 
delivering volatile agents (Sanford and Gutstein, 1995). CACI 
based on detailed pharmacokinetic models has been used suc- 
cessfully to administer opioids (Shafer et al> 1990; Bailey et aL, 
1993). However, true "closed-loop" control of opioid adminis- 
tration requires the capability of continuously measuring plasma 
opioid levels with indwelling sensors. Until such real-time mea- 
surement is available, accurate assessment of dose-effect rela- 
tionships in patients is not possible. 



Intraspinal Infusion. Administration of opioids into the 
epidural or intrathecal space provides more direct access 
to the first pain-processing synapse in the dorsal horn of 
the spinal cord. This permits the use of doses substan- 
tially lower than those required for oral or parenteral ad- 
rninistration (see Table 23-7). Systemic side effects are 
thus decreased. However, epidural opioids have their own 
dose-dependent side effects, such as itching, nausea, vom- 
iting, respiratory depression, and urinary retention. The 
use of hydrojphilic opioids such as preservative-free mor- 
phine (DURAMORPH, others) permits more rostral spread 
of the compound, allowing it to directly affect supraspinal 
sites. As a consequence, after intraspinal morphine, de- 
layed respiratory depression can be observed for as long 
as 24 hours after a bolus dose. While the risk of delayed 
respiratory depression is reduced with more lipophilic opi- 
oids, it is not eliminated. Extreme vigilance and appro- 



priate monitoring are required for all patients receiving 
intraspinal narcotics. Nausea and vomiting also are more 
prominent symptoms with intraspinal morphine. However, 
supraspinal analgesic centers also can be stimulated, pos- 
sibly leading to synergistic analgesic effects. 

Analogous to the relationship between systemic opi- 
oids and NSAIDS, intraspinal narcotics often are com- 
bined with local anesthetics. This permits the use of lower 
concentrations of both agents, rninimizing local anesthetic- 
induced complications of motor blockade and the opioid- 
induced complications listed above. Epidural adrninistra- 
tion of opioids has become popular in the management 
of postoperative pain and for providing analgesia dur- 
ing labor and delivery. Lower systemic opioid levels are 
achieved with epidural opioids, leading to less placen- 
tal transfer and less potential for respiratory depression 
of the newborn (Shnider and Levinson, 1987). Intrathe- 
cal ("spinal" anesthesia) administration of opioids as a 
single bolus also is popular for acute pain management 
Chronic intrathecal infusions generally are reserved for 
use in chronic pain patients. 

Peripheral Analgesia. As previously mentioned, opioid recep- 
tors on peripheral nerves have been shown to respond to locally 
applied opioids during inflammation (Stein, 1995). Peripheral 
analgesia permits the use of lower doses, applied locally, than 
those necessary to achieve a systemic effect. The effectiveness 
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of this technique has been demonstrated in studies of post- 
operative pain (Stein et al, 1991). These studies also suggest 
that peripherally acting opioid compounds would be effective in 
other selected circumstances without entering the CNS to cause 
many undesirable side effects. Development of such compounds 
and expansion of clinical applications of this technique currently 
are active areas of research. 

Rectal Administration. This route is an alternative for pa- 
tients with difficulty swallowing or other oral pathology and 
who prefer a less-invasive route than parenteral (De Conno 
et al, 1995). This route is not well tolerated in most chil- 
dren. Onset of action is seen within 10 minutes. In the United 
States, morphine, hydromorphone, and oxymorphone are avail- 
able in rectal suppository formulation (American Pain Society, 
1999). 

Administration by Inhalation. Preliminary studies have shown 
that opioids delivered by nebulizer can be an effective means 
of analgesic drug delivery (Worsley et al, 1990; Higgins et al, 
1991). However, constant supervision is required when admin- 
istering the drug, and variable delivery to the lungs can cause 
differences in therapeutic effect. In addition, possible environ- 
mental contamination is a concern. However, development of 
the inhaled route could provide a more convenient and cost- 
effective, adjunctive method of analgesic delivery for patients 
experiencing chronic pain. 

Oral Transmucosal Adiniiiistration. Opioids can be absorbed 
through the oral mucosa more rapidly than through the stomach. 
Bioavailability is greater due to avoidance of first pass meta- 
bolism, and lipophilic opioids are better absorbed by this route 
than are hydrophilic compounds such as morphine (Weinberg 
et al, 1988). A transmucosal delivery system that suspends fen- 
tanyl in a dissolvable matrix has been approved for clinical use 
(ACTIQ). Its primary indication is for treatment of breakthrough 
cancer pain (Asburn et al, 1989). In this setting, transmucosal 
fentanyl relieves pain within 15 minutes, and patients easily can 
titrate the appropriate dose. Transmucosal fentanyl also has been 
studied as a premedicant for children. However, this technique 
has been largely abandoned due to a substantial incidence of 
undesirable side effects such as respiratory depression, sedation, 
nausea, vomiting, and pruritus. 

Transdermal or lontophoretic Administration. Transdermal 
fentanyl patches are approved for use with sustained pain. The 
opioid permeates the skin, and a "depot" is established in the 
stratum corneum layer. Unlike other transdermal systems (i.e., 
transdermal scopolamine), anatomic position of the patch does 
not affect absorption. However, fever and external heat sources 
of heat (heating pads, hot baths) can increase absorption of fen- 
tanyl and potentially lead to an overdose (Rose et al., 1993). 
This modality is well suited for cancer pain treatment because 
of its ease of use, prolonged duration of action, and stable 
blood levels (Portenoy et al, 1993). It may take up to 12 
hours to develop analgesia and up to 16 hours to observe 
M clinical effect. Plasma levels stabilize after two sequen- 
tial patch applications, and these kinetics do not appear to 
change with repeated applications (Portenoy, 1993). However, 
there may be a great deal of variability in plasma levels after 
a given dose. The plasma half-life after patch removal is about 



17 hours. Thus, if excessive sedation or respiratory depression 
is experienced, antagonist infusions may need to be maintained 
for an extended period (Payne, 1992). Dermatological side ef- 
fects from the patches, such as rash and itching, usually are 
mild. 

Iontophoresis is the transport of soluble ions through the 
skin by using a mild electric current This technique has been 
employed with morphine (Ashburn et al, 1992). Fentanyl and 
sufentanil have been chemically modified and applied by ion- 
tophoresis in rats (Thysman and Preat, 1993). Effective analgesia 
was achieved in less than 1 hour, suggesting that iontophoresis 
could be a promising modality for postoperative pain. It should 
be noted that increasing the applied current will increase drug 
delivery and could lead to overdose. However, unlike transder- 
mal opioids, a drug reservoir does not build up in the skin, thus „ 
limiting the duration of both main and side effects. 

General Principles of Opioid Use 

Opioid analgesics provide symptomatic relief of pain, but 
the underlying disease remains. The physician must weigh 
the benefits of this relief against any potential risk to the 
patient, which may be quite different in an acute compared 
with a chronic disease. 

In acute problems, opioids will reduce the intensity 
of pain. However, physical signs (such as abdominal rigid- 
ity) will generally remain. Relief of pain also can facili- 
tate history taking, examination, and the patient's ability 
to tolerate diagnostic procedures. Patients should not be 
evaluated inadequately because of the physician's unwill- 
ingness to prescribe analgesics, nor in most cases should 
analgesics be withheld for fear of obscuring the progres- 
sion of underlying disease. 

The problems that arise in the relief of pain associ- 
ated with chronic conditions are more complex. Repeated 
daily administration eventually will produce tolerance and 
some degree of physical dependence. The degree will de- 
pend on the particular drug, the frequency of adminis- 
tration, and the quantity administered. The decision to 
control any chronic symptom, especially pain, by the re- 
peated administration of an opioid must be made carefully. 
When pain is due to chronic, nonmalignant disease, mea- 
sures other than opioid drugs should be employed to re- 
lieve chronic pain if they are effective and available. Such 
measures include the use of nonsteroidal antiiuflammatory 
agents, local nerve block, antidepressant drugs, electrical 
stimulation, acupuncture, hypnosis, or behavioral modifi- 
cation (see Foley, 1985). However, highly selected sub- 
populations of chronic nonmalignant pain patients can be 
adequately maintained on opioids for extended periods of 
time (Portenoy, 1990). 

In the usual doses, morphine-like drugs relieve suf- 
fering by altering the emotional component of the painful 
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experience as well as by producing analgesia. Control of 
pain, especially chronic pain, must include attention to 
both psychological factors and the social impact of the 
illness that sometimes play dominant roles in determin- 
ing the suffering experienced by the patient. In addition 
to emotional support, the physician also must consider the 
substantial variability in both the patient's capacity to tol- 
erate pain and the response to opioids. As a result, some 
patients may require considerably more than the average 
dose of a drug to experience any relief from pain; others 
may require dosing at shorter intervals. Some clinicians, 
out of an exaggerated concern for the possibility of induc- 
ing addiction, tend to prescribe initial doses of opioids that 
are too small or given too infrequently to alleviate pain 
and then respond to the patient's continued complaints 
with an even more exaggerated concern about drug de- 
pendence, despite the high probability that the request for 
more drug is only the expected consequence of the inade- 
quate dosage initially prescribed (see Sriwatanakul et al, 
1983). It also is important to note that infants and chil- 
dren are probably more apt to receive inadequate treatment 
for pain than are adults due to communication difficul- 
ties, lack of familiarity with appropriate pain assessment 
methodologies, and inexperience with the use of strong 
opioids in children. If an illness or procedure causes pain 
for an adult, there is no reason to assume that it will 
produce less pain for a child (see Yaster and Deshpande, 
1988). 

Pain of Terminal Illness and Cancer Pain. Opioids are 
not indicated in all cases of terminal illness, but the anal- 
gesia, tranquility, and even the euphoria afforded by the 
use of opioids can make the final days far less distress- 
ing for the patient and family. Although physical depen- 
dence and tolerance may develop, this possibility should 
not in any way prevent physicians from fulfilling their 
primary obligation to ease the patient's discomfort. The 
physician should not wait until the pain becomes agoniz- 
ing; no patient should ever wish for death because of a 
physician's reluctance to use adequate amounts of effec- 
tive opioids. This may sometimes entail the regular use 
of opioid analgesics in substantial doses. Such patients, 
while they may be physically dependent, are not "addicts" 
even though they may need large doses on a regular basis. 
Physical dependence is not equivalent to addiction (see 
Chapter 24). 

Most clinicians who are experienced in the manage- 
ment of chronic pain associated with malignant disease 
or terminal illness recommend that opioids be adminis- 
tered at sufficiently short, fixed intervals so that pain is 
continually under control and patients do not dread its 



return (Foley, 1993). Less drug is needed to prevent the 
recurrence of pain than to relieve it. Morphine remains the 
opioid of choice in most of these situations, and the route 
and dose should be adjusted to the needs of the individual 
patient Many clinicians find that oral morphine is ade- 
quate in most situations. Sustained-release preparations of 
oral morphine are now available that can be administered 
at 8- to 12-hour intervals. Superior control of pain often 
can be achieved with fewer side effects using the same 
daily dose; a decrease in the fluctuation of plasma con- 
centrations of morphine may be partially responsible. 

Constipation is an exceedingly common problem when 
opioids are used, and the use of stool softeners and laxa- 
tives should be initiated early. Amphetamines have demon- 
strable mood-elevating and analgesic effects and enhance 
opioid-induced analgesia. However, not all terminal pa- 
tients require the euphoriant effects of amphetamine, and 
some experience side effects, such as anorexia. Controlled 
studies demonstrate no superiority of oral heroin over oral 
morphine. Similarly, after adjustment is made for potency, 
parenteral heroin is not superior to morphine in terms of 
analgesia, effects on mood, or side effects (see Sawynok, 
1986). Although tolerance does develop to oral opioids, 
many patients obtain relief from the same dosage for 
weeks or months. In cases where one opioid loses ef- 
fectiveness, switching to another may provide better pain 
relief. "Cross-tolerance" among opioids exists, but, both 
clinically and experimentally, cross-tolerance among re- 
lated //-receptor agonists is not complete. The reasons 
for this are unclear, but they may relate to differences be- 
tween agonists in receptor-binding characteristics and sub- 
sequent cellular signaling interactions, as discussed earlier 
in the chapter. 

When opioids and other analgesics are no longer 
satisfactory, nerve block, chordotomy, or other types of 
neurosurgical intervention such as neurostimulation may 
be required if the nature of the disease permits. Epidu- 
ral or intrathecal administration of opioids may be useful 
when administration of opioids by usual routes no longer 
yields adequate relief of pain (see above). This technique 
has been used with ambulatory patients over periods of 
weeks or months (see Gustafsson and Wiesenfeld-Hallin, 
1988). Moreover, portable devices have been developed 
that permit the patient to control the parenteral admin- 
istration of an opioid while remaining ambulatory (Kerr 
et at, 1988). These devices use a pump that infuses the 
drug from a reservoir at a rate that can be tailored to the 
needs of the patient, and they include mechanisms to limit 
dosage and/or allow the patient to self-administer an ad- 
ditional "rescue" dose if there is a transient change in the 
intensity of pain. 
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tfonanalgcsfc Therapeutic Uses of Opioids. Dyspnea. Mor- 
phine is used to alleviate the dyspnea of acute left ventricular 
failure and pulmonary edema, and the response to intravenous 
morphine may be dramatic. The mechanism underlying this re- 
lief still is not clear. It may involve an alteration of the pa- 
tient's reaction to impaired respiratory function and an indirect 
reduction of the work of the heart due to reduced fear and 
apprehension. However, it is more probable that the major ben- 
efit is due to cardiovascular effects, such as decreased periph- 
eral resistance and an increased capacity of the peripheral and 
splanchnic vascular compartments (see Vismara et al. t 1976). 
Nitroglycerin, which also causes vasodilation, may be supe- 
rior to morphine in this condition (see Hoffman and Reynolds, 
1987). In patients with normal blood gases but severe breath- 
lessness due to chronic obstruction of airflow ("pink puffers"). 
drocode (dihydrocodeine), 15 mg orally before exercise, reduces 
the feeling of breathlessness and increases exercise tolerance 
(Johnson et al, 1983). Opioids are relatively contraindicated in 
pulmonary edema due to respiratory irritants unless severe pain 
also is present; relative contraindications to the use of histamine- 
releasing opioids in asthma already have been discussed. 
Special Anesthesia. High doses of morphine or other opioids 
have been used as the primary anesthetic agents in certain surgi- 
cal procedures. Although respiration is so depressed that physi- 
cal assistance is required, patients can retain consciousness (see 
Chapter 14). 



PROSPECTUS 

Great strides are being made in understanding structure- 
function relationships between opioids and endogenous 
opioid peptides and their receptors. The complex signal- 
ing mechanisms and neural circuitry mediating both the 
salutary and undesirable effects of opioids also are be- 
ginning to be understood. The recent discovery of new 
PL receptor-selective endogenous opioid ligands and the 
opioid-related N/OFQ system also will provide opportu- 
nities to improve our understanding of opioid pharmacol- 
ogy and physiology. The development of new opioid anal- 
gesics and novel delivery routes are improving the care 
and quality of life for patients requiring opioids. Over the 
next several years, pursuing these lines of basic and clin- 
ical investigation should provide many valuable insights 
that may allow better targeting of the therapeutic effects of 
opioid compounds, thereby minimizing undesirable acute 
side effects and the potentially serious long-term conse- 
quences of tolerance and physical dependence. It also is 
hoped that these efforts will help overcome the less com- 
mon, but devastating, problem of addiction. 



BIBLIOGRAPHY 



Akil, H., Mayer, D J., and Liebeskind, J.C. Antagonism of stimulation- 
produced analgesia by naloxone, a narcotic antagonist Science, 1976, 
i9i:96l-962. 

Akil, H., Mayer, DJ., and Liebeskind, J.C. [Comparison in the rat 
between analgesia induced by stimulation of periacqueductal gray 
matter and morphine analgesia]. C. R. Acad. Sci. Hebd Seances 
Acad. Sci Sen D, 1972, 274:3603-3605. 

Akil H., Shiomi, H., and Matthews, J. Induction of the intermediate 
pituitary by stress: synthesis and release of a nonopioid form of 
beta-endorphia Science, 1985, 227:424-426. 

Alderman, EX., Barry, WJtt., Graham, A.R, and Harrison, D.C. Hemo- 
dynamic effects of morphine and pentazocine differ in cardiac pa- 
tients. N. Engl J. Med., Wily 287:623-627. 

Ashburn, MA., Fine, P.G., and Stanley, T.H. Oral transmucosal fentanyl 
citrate for the treatment of breakthrough cancer pain: a case report 
Anesthesiology, 1989, 77:615-617. 

Ashburn, M.A., Stephen, R.L., Ackerman, E., Petelenz, T.I, Hare, B., 
Pace, N.L., and Horman, A.A. lontophoretic delivery of morphine for 
postoperative analgesia. / Pain Symptom Manage., 1992, 7:27-33. 

Atkinson, R.L. Opioid regulation of food intake and body weight in 
humans. Fed, Proc, 1987, 45:178-182. 

Avidor-Reiss, X, Nevo, I., Levy, R., Pfeuffer, T., and Vogel, Z. Chronic 
°pioid treatment induces adenylyl cyclase V superactivation. Involve- 
ment of G0y. J. Biol Chem., 1996, 277:21309-21315. 

Bailey, J.M., Schwieger, IJM., and Hug, C.C. Jr. Evaluation of sufentanil 
anesthesia obtained by a computer-controlled infusion for cardiac 
surgery. Anesth Analg., 1993, 76:247-252. 



Ballantyne, J.C, Loach, A.B., and Carr, D.B. Itching after epidural 
and spinal opiates. Pain, 1988, 53J:149-160. 

Beaver, W.T. Impact of non-narcotic oral analgesics on pain manage- 
ment, Am. J. Med, 1988, 84:3-15. 

Beckett, A., and Casy, A. Synthetic analgesics: stereochemical consid- 
erations. /. Pharm. Pharmacol, 1954, 5:986-1001. 

Befort, K., Mattei, M.G., Roeckel, N., and Kieffer, B. Chromosomal 
localization of the delta opioid receptor gene to human lp34.3« 
p36.1 and mouse 4D bands by in situ hybridization. Genomics, 
1994, 20:143-145. 

Benson, C J., Eckert, S.P., and McCleskey, E.W. Acid-evoked current in 
cardiac sensory neurons: a possible mediator of myocardial ischemic 
sensation. Circ. Res., 1999, 84:921-928. 

Bickel. W.K., Stitzer, M.L., Bigelow, G.E., Liebson, LA., Jasinski, 
D.R., and Johnson, RJB. Buprenorphine: dose-related blockade of 
opioid challenge effects in opioid dependent humans. J. Pharmacol. 
Exp. Titer., 1988, 247:47-53. 

Boas, R.A., and Villiger, J.W. Clinical actions of fentanyl and buprenor- 
phine. The significance of receptor binding. Br. J. Anaesth., 1985, 
57:192-196. 

Bohn, L.M., Lefkowitz, RJ., Gainetdinov, R.R., Peppel, K., Caron, 
M.G., and Lin, ET. Enhanced morphine analgesia in mice lacking 
0-arrestin 2. Science, 1999, 255:2495-2498. 

Boysen, K., Hertel, S., Chraernmer-Jorgensen, B., Risbo, A., and 
Poulsen, NJ. Buprenorphine antagonism of ventilatory depression 
following fentanyl anesthesia. Acta Anaesthesiol Scand., 1988, 32: 
490-492. 



612 



SECTION HI DRUGS ACTING ON THE CENTRAL NERVOUS SYSTEM 



Bronsteifl, D.M., Przewlocki, R., and Akil, R Effects of morphine 
treatment on proopiomelanocortin systems in rat brain. Brain Res., 
1990, 5/9:102-111. 

Bunzow, J.R., Saez, G, Mortrud, M., Bouvier, C, Williams, J.T., Low, 
M, and Grandy, D.K. Molecular cloning and tissue distribution of 
a putative member of the rat opioid receptor gene family that is not 
a fi, S or k opioid receptor type. FEBS Lett., 1994, 347:284-288. 

Caraco, Y., Sheller, J., and Wood, A.J. Impact of ethnic origin 
and quinidine coadministration on codeine's disposition and phar- 
macokinetic effects. /. Pharmacol Exp. Then, 1999, 290:413- 
422. 

Chen, Y, Fan, Y, Liu, J., Mestek, A., Han, M, Kozak, CA., and Yu, L. 
Molecular cloning, tissue distribution, and chromosomal localization 
of a novel member of the opioid receptor gene family. FEBS Lett., 
1994, 547:279-283. 

Chen, Y., Mestek, A., Liu, J., Hurley, J.A., and Yu, L. Molecular 
cloning and functional expression of a ji-opioid receptor from rat 
brain. Mol Pharmacol, 1993, 4*8-12. 

Chesselet, Mi 7 ., Cheramy, A., Reisine, TD., Lubetzki, C, Desban, 
M., and Glowinski, J. Local and distal effects induced by unilateral 
striatal application of opiates in the absence or in the presence of 
naloxone on the release of dopamine in both caudate nuclei and 
substantiae nigra of the cat Brain Res., 1983, 255:229-242. 

Chu, P., Murray, S., Lissin, D„ and von Zastrow, M. & and k opioid 
receptors are differentially regulated by dynamin-dependent cndocy- 
tosis when activated by the same alkaloid agonist J. Biol Chem., 
1997, 272:27124-27130. 

Chuang, Li\ Killam, K.F. Jr., and Chuang, R.Y. Induction and acti- 
vation of mitogen-activated protein kinases of human lymphocytes 
as one of the signaling pathways of the immunomodulatory effects 
of morphine sulfate. J. Biol Chem., 1997, 272:26815-26817. 

Coombs, D.W., Saunders, RX», Lachance, D., Savage, S., Ragnarsson, 
T.S., and Jensen, LJS. Intrathecal morphine tolerance: use of in- 
trathecal clonidine, DADLE, and intraventricular morphine. Anesthe- 
siology, 1985, 62:358-363. 

Coward, R, Wada, H.G., Falk, M.S., Chan, S.D., Meng, R, Akil, H., 
and Conklin, B.R. Controlling signaling with a specifically designed 
Gi-coupled receptor. Proc. Natl Acad. Set USA., 1998, 95:352- 
357. 

Craviso, G.L., and Musacchio, J.M. High-aflfinity dextromethorphan 
binding sites in guinea pig brain. TL Competition experiments. Mol 
Pharmacol, 1983, 25:629-640. 

Cvejic, S., and Devi, LA. Dimerization of the delta opioid receptor: 
implications for a role in receptor internalization. J. Biol Chem., 
1997, 272:26959-26964. 

De Conno, F., Ripamonti, C, Saita, L., MacEachem, T., Hanson, L, and 
Bruera, E. Role of rectal route in treating cancer pain: a randomized 
crossover clinical trial of oral versus rectal morphine administration 
in opioid-naive cancer patients with pain. J. Clin. Oncol, 1995, 
13: 1004-1008. 

Devine, D.R, Leone, R, Pocock, D., and Wise, R.A. Differential in- 
volvement of ventral tegmental mu, delta, and kappa opioid receptors 
in modulation of basal mesolimbic dopamine release: in vivo micro- 
dialysis studies. J. Pharmacol Exp. Then, 1993, 265:1236-1246. 

Devine, D.R, Reinscheid, R.K., Monsma, F.J. Jr., Civelli, O., and Akil, 
H. The novel neuropeptide orphanin FQ fails to produce conditioned 
place preference or aversion. Brain Res. t 1996a, 727:225-229. 

Devine, DJP., Taylor, L., Reinscheid, R.K., Monsma, F.J. Jr., Civelli, 
O., and Akil, H. Rats rapidly develop tolerance to the locomotor- 
inhibiting effects of the novel neuropeptide orphanin FQ. Neurochem. 
Res., 1996b, 22:1387-1396. 



Devine, D.R, Watson, S., and Akil, H. Nociceptin/orphanin FQ regu- 
lates neuroendocrine function of the limbic hypothalamic pituitary 
adrenal axis. Neuroscience, 2001, 202:541-553. 

Devine, D.R, and Wise, R.A. Self-administration of morphine, 
DAMGO, and DPDPE into the ventral tegmental area of rats J 
Neurosci., 1994, 24:1978-1984. 

Di Chiara, G., and Imperato, A. Opposite effects of mu and kappa 
opiate agonists on dopamine release in the nucleus accumbens and 
in the dorsal caudate of freely moving rats. /. Pharmacol Exp. Ther. 
1988,2^:1067-1080. 

Dixon, R., Howes, J., Gentile, J., Hsu, H.B., Hsiao, J., Garg, D. 
Weidler, D., Meyer, M., and Turtle, R. Nalmefene: intravenous safety 
and kinetics of a new opioid antagonist Clin. Pharmacol Ther., 
1986, 39:49-53. 

Dooley, C.R, Saad, C, and Valenzuela, J.E. Studies of the role of 

opioids in control of human pancreatic secretion. Dig. Dis. Set, 

1988, 33:598-604. 
Dray, A., and Nun an, L. Supraspinal and spinal mechanisms in 

morphine-induced inhibition of reflex urinary bladder contractions 

in the rat. Neuroscience, 1987, 22:281-287. 
Edwards, D.J., Svensson, C.K., Visco, J.R, and Lalka, D. Clinical 

pharmacokinetics of pethidine: 1982. Clin. Pharmacohnet., 1982, 7: 

421-433. 

Eichelbaum, M., and Evert, B. Influence of pharmacogenetics on drug 
disposition and response. Clin. Exp. Pharmacol Physiol, 1996, 23: 
983-985. 

Elliott, K., Hynansky, A., and Inturrisi, C.E. Dextromethorphan at- 
tenuates and reverses analgesic tolerance to morphine. Pain, 1994, 
59:361-368. 

Emmerson, P.J., Clark, M.J., Mansour, A., Akil, H., Woods, J.H., and 
Medzihradsky, F. Characterization of opioid agonist efficacy in a C6 
glioma cell line expressing the mu opioid receptor. /. Pharmacol 
Exp. Ther., 1996, 275:1121-1127. 

Evans, C.J., Keith, D.E. Jr., Morrison, H., Magendzo, K., and Edwards, 
R.H. Cloning of a delta opioid receptor by functional expression. 
Science, 1992, 255:1952-1955. 

Fields, H.L., Emson, P.C., Leigh, B.K., Gilbert, RJF., and Iversen, L.L. 
Multiple opiate receptor sites on primary afferent fibres. Nature, 
1980, 284:351-353. 

Fryer, R.M., Hsu, AX, Nagase, H., and Gross, GJ. Opioid-induced 
cardioprotection against myocardial infarction and arrhythmias: mi- 
tochondrial versus sacrolemmal ATP-sensitive potassium channels. 
J. Pharmacol Exp. Then, 2000, 29*451-457. 

Fudala, PJ., and Bunker, E. Abrupt withdrawal of buprenorphine fol- 
lowing chronic administration. Clin. Pharmacol Ther., 1989, 45: 
186. 

Gaudriault, G., Nouel, D., Da! Farra, C, Beaudet, A., and Vincent, JR 
Receptor-induced internalization of selective peptidic mu and delta 
opioid ligands. /. Biol Chem, 1997, 272:2880-2888. 

Gaveriaux-RutT, C, Matthes, H.W., Peluso, J., and Kieffer, BX. 
Abolition of morphine-immunosuppression in mice lacking the fi- 
opioid receptor gene. Proc Natl. Acad. Sci. U.S.A., 1998, 95:6326- 
6330. 

Gomez-Flores, R., and Weber, RJ. Differential effects of buprenorphine 
and morphine on immune and neuroendocrine ructions following 
acute administration in the rat mesencephalon periaqueductal gray 
Jmmunopharmacology, 2000, 45:145-156. 

Gourlay, G.K., Cherry, D.A., and Cousins, M.J. A comparative study of 
the efficacy and pharmacokinetics of oral methadone and morphine 
in the treatment of severe pain in patients with cancer. Pain, 1986, 
25:297-312. 



CHAPTER 23 OPIOID ANALGESICS 



613 



Grevel, J., and Sadee, W. An opiate binding site in the rat brain is 
highly selective for 4,5^jx>xymorphinans. Science, 1983, 227:1198- 
1201. 

Grisel J.E., Mogil, J.S., Belknap, J.K., and Grandy, D.K. Chphanin 
FQ acts as a supraspinal, but not a spinal, anti-opioid peptide. 
Neuroreport, 1996, 7:2125-2129. 

Gulya, K., Pelton, L%, Hruby, VX, and Yamamura, ILL Cyclic so- 
matostatin octapeptide analogues with high affinity and selectivity 
toward mu opioid receptors. Life Set, 1986, 35:2221-2229. 

Gutstein, H.B., Bronstein, D.M., and Akil, H. £ -endorphin processing 
and cellular origins in rat spinal cord. Pain, 1992, 57:241-247. 

Gutstein, H.B., Mansour, A., Watson, S.J., Akil, H., and Fields, HX. 
Mu and kappa receptors in periaqueductal gray and rostral ventro- 
medial medulla. Neuroreport, 1998, 9:1777-1781. 

Handa, B.K., Land, A.C., Lord, J A., Morgan, B.A., Ranee, MX, 
and Smith, C.F. Analogues of beta-LPH61-64 possessing selective 
agonist activity at mu-opiate receptors. Eur J. Pharmacol, 1981, 
70*531-540. 

Heimer, L., Zahm, D.S., Churchill, X, Kalivas, P.W., and Wohltmann, 

C. Specificity in the projection patterns of accumbal core and shell 

in the rat. Neuroscience, 1991, 47:89-125. 
Heishman, SX, Stitzer, MX., Bigelow, G.E., and Uebson, IA. Acute 

opioid physical dependence in postaddict humans: naloxone dose 

effects after brief morphine exposure. J. Pharmacol Exp. Then, 

1989, 245:127-134. 
Herman, RX, McAllister, C.B., Branch, RA, and Wilkinson, G.R. 

Effects of age on meperidine disposition. Clin. Pharmacol Then, 

1985, 37:19-24. 

Higgins, MX, Asbury, A J., and Brodie, M J. Inhaled nebulised fentanyl 
for postoperative analgesia. Anaesthesia, 1991, 46:973-976. 

Hoffman, J.R., and Reynolds, S. Comparison of nitroglycerin, morphine 
and furosemide in treatment of presumed pro-hospital pulmonary 
edema. Chest, 1987, 92:586-593. 

Hugbes, J., Smith, T.W., Kosterlitz, H.W., FothergiU, L.A., Morgan, 
B.A., and Morris, H.R, Identification of two related pentapeptides 
from the brain with potent opiate agonist activity. Nature, 1975, 
255:577-580. 

Jasinski, D.R., and Preston, KX. Assessment of dezocine for morphine- 
like subjective effects and miosis. Clin. Pharmacol Then, 1985, 
35:544-548. 

Jessell, T.M., and Iversen, L.L. Opiate analgesics inhibit substance 
P release from the rat trigeminal nucleus. Nature, 1977, 265:549- 
551. 

Jiang. Takemori, A.E., Sultana, M., Portoghese, P.S., Bowen, W.D., 
Mosberg, RL, and Porreca, F. Differential antagonism of opioid delta 
antinociception by [D-Ala 2 . Leu 5 , Cys 6 ] enkephalin and naltrindole 
5Msothiocyanante: evidence for delta receptor subtypes. / Pharma- 
col Exp. Then, 1991, 257:1069-1075. 

Johnson, MA, Woodcock, A. A., and Geddes, DM. Dmydrocodeine 
for breathlessness in "pink puffers." Br. Med J. (Clin. Res. Ed), 
U83, 256:675-677. 

Johnson, R.E., Chutuape, M.A., Strain, E.C., Walsh, S.L., Stitzer, MX, 
and Bigelow, GM. A comparison of levomethadyl acetate, buprenor- 
phine, and methadone for opioid dependence. N. Engl J. Med, 2000, 
343:1290-1297. 

Jones, 1CA., Borowsky. B., 1km, XA, Craig, D. A., Durkin, M.M., Dai, 
M., Yao, WX, Johnson, M., Gunwaldsen, C, Huang, L.Y., Tang, C, 
Shen, Q„ Salon, J.A., Morse, K., Laz, T., Smith, K.E., Nagarathnam, 
j?** ^oble, S.A., Branchek, TA, and Gerald, C. GABA B receptors 
function as a heteromeric assembly of the subunits GABA B R1 and 
GABA B R2. Nature, 1998, 396:674-679. 



Jordan, B.A., and Devi, L.A. G-protein-coupled receptor hetereodimer- 
ization modulates receptor function. Nature, 1999, 399:697-700. 

Kaiko, Ril, Foley, K.M., Grabinski, P.Y., Heidrich, G., Rogers, A.G., 
Inturrisi, C.E., and Reidenberg, M.M. Central nervous system exci- 
tatory effects of meperidine in cancer patients. Ann. Neurol, 1983, 
73:180-185. 

Kaiko, R.F., Wallenstein, SX., Rogers, A.G., Grabinski, P.Y., and 
Houde, R.W. Analgesic and mood effects of heroin and morphine 
in cancer patients with postoperative pain. N. Engl J. Med, 1981, 
304:1501-1505. 

Karlsson, M., Dahlstrom, B., and Neil, A. Characterization of high- 
affinity binding for the antitussive [3H]noscappine in guinea pig 
brain tisue. Eur. 7. Pharmacol, 1988, 745:195-203. 

Kayser, V., Lee, S.H., and Guilbaud, G. Evidence for a peripheral 
component in the enhanced antinociceptive effect of a low dose of 
systemic morphine in rats with peripheral mononeuropathy. Neuro- 
science, 1995, 64:537-545. 

Keith, D.E., Murray, S.R., Zaki, P.A., Chu, P.C., Lissih, D.V., Kang, 
L., Evans, CX, and von Zastrow, M. Morphine activates opioid 
receptors without causing their rapid internalization. J. Biol Chem., 
1996, 277:19021-19024. 

Kerr, I.G., Sone, M., Deangelis, C, Iscoe, N., MacKenzie, R., and 
Schueller, T. Continuous narcotic infusion with patient-controlled 
analgesia for chronic cancer pain in outpatients. Ann. Intern. Med, 
1988, 705:554-557. 

Kieffer, B.X, Befort, K., Gaveriaux-Ruff, C., and Hirth, C.G. The 
delta-opioid receptor: isolation of a cDNA by expression cloning 
and pharmacological characterization. Proc. Natl Acad Set USA., 
1992, 59:12048-12052. 

Kolesnikov, Y.A., Pick, C.G., Ciszewska, G., and Pasternak, G.W. 
Blockade of tolerance to morphine but not to kappa opioids by a 
nitric oxide synthase inhibitor. Proc. Natl Acad Sci. USA., 1993, 
90:5162-5166. 

Kong, H., Raynor, K., Yano, H., Takeda, J., BeU, OX, and Reisine, 
T. Agonists and antagonists bind to different domains of the cloned 
k opioid receptor. Proc. Natl Acad Sci U.S.A., 1994, 97:8042- 
8046. 

Koster, A., Montkowski, A., Schulz, S., Stube, E., Knaudt, K., Jenck, 
F., Moreau, J.X, Nothacker, HJ>, Civelli, O., and Reinscheid, R.K. 
Targeted disruption of the orphanin FQ/nociceptin gene increases 
stress susceptibility and impairs stress adaptation in mice. Proc. 
Natl Acad Sci U.SA., 1999, 96:1044-10449. 

Lee, Q., DeMaria, A.N., Amsterdam, E.A., Realyvasquez, F., Angel, 
J., Morrison, S., and Mason, D.T. Comparative effects of morphine, 
meperidine and pentazocine on cardiocirculatory dynamics in patients 
with acute myocardial infarction. Am. J. Med, 1976, 60:949-^955. 

Levine, JX>„ Gordon, N.C., Smith, R., and McBryde, R. Desiprarnine 
enhances opiate postoperative analgesia. Pain, 1986, 27:45-49. 

Liang, B.T., and Gross, G.J. Direct preconditioning of cardiac myocytes 
via opioid receptors and Kaip channels. Circ. Res., 1999, 54:1396- 
1400. 

ling, W., Klett, C.J., and Gillis, R.D. A cooperative clinical study of 
methadyl acetate. L TTiree-times-a-week regimen. Arch. Gen. Psy- 
chiatry, 1978, 35:345-353. 

Mains, R.E., Eipper, B.A., and ling, N. Common precursor to corti- 
cotrophins and endorphins. Proc. Natl Acad Sci. U.SA., 1977, 74: 
3014-3018. 

Manabe, T., Noda, Y., Mamiya, T., Katagiri, H., Houtani, T, Nishi, M., 
Noda, T., Takahashi, T., Sugimoto, T., Nabeshima, T, and Takesbima, 
H. Facilitation of long-term potentiation and memory in mice lacking 
nociceptin receptors. Nature, 1998, 394:577-581. 



614 



SECTION m DRUGS ACTING ON THE CENTRAL NERVOUS SYSTEM 



Manning, B.H., and Mayer, DJ. Hie central nucleus of the amygdala 
contributes to the production of morphine antinociception in the rat 
tail-flick test. J. Neurosct, 1995a, 8199-8213. 

Manning, B.H., and Mayer, DJ. The central nucleus of the amygdala 
contributes to the production of morphine analgesia in the formalin 
test Pain, 1995b, 63:141-152. 

Manning, B.H., Morgan, MJ., and Franklin, KJB. Morphine analgesia 
in the formalin test: evidence for forebrain and midbrain sites of 
action. Neuroscience, 1994, 65:289-294. 

Mansour, A., Meng, R, Meador-Woodruff, J.H., Taylor, LJP., Civelli, 
O.. and Akil, H. Site-directed mutagenesis of the human dopamine 
D2 receptor. Eur. J. Pharmacol, 1992, 227:205-214. 

Mansour, A., Taylor, L.P, Fine, JJL, Thompson, R.C., Hoversten, M.T., 
Mosberg, HX, Watson, S X, and Akil, H. Key residues defining the 
mu-opioid receptor binding pocket a site-directed mutagenesis study. 
/. Neuwchem., 1997, 68:344-353. 

Martin, WJt, Eades, C.G., Thompson, J.A., Huppler, R£., and Gilbert, 
RE. The effects of morphine- and nalorphine-like drugs in nonde- 
pendent and morphine-dependent chronic spinal dog, J. Pharmacol 
Exp. Then, 1976, 797:517-532. 

Matthies, B.K., and Franklin, K.B. Formalin pain is expressed in decer- 
ebrate rats but not attenuated by morphine. Pain, 1992, 57: 199-206. 

Matthys, H., Bleicher, B., and Bleicher, U. Dextromethorphan and 
codeine: objective assessment of antitussive activity in patients with 
chronic cough. J. Jni Med. Res., 1983, 77:92-100. 

Mcintosh, M., Kane, K., and Parratt, J. Effects of selective opioid 
receptor agonists and antagonists during myocardial ischaemia. Eur. 
J. Pharmacol, 1992, 270:37^4. 

Mellon, RD., and Bayer, BM. Evidence for central opioid receptors 
in the immunomodulatory effects of morphine: review of potential 
mechanism(s) of action. 7. Neuroimmunol, 1998, 55:19-28. 

Meng, F., Hoversten, M.T., Thompson, R.C., Taylor, L., Watson, SJ., 
and Akil, H. A chimeric study of the molecular basis of affinity and 
selectivity of the kappa and the delta opioid receptors. Potential role 
of extracellular domains. /. Biol Cherru, 1995, 270:12730-12736. 

Meng, F., Taylor, L.P., Hoversten, M.T., Ueda, Y., Ardati, A., 
Reinscheid, R.K., Monsma, FJ., Watson, S.J., Civelli, O., and Akil, 
H. Moving from the orphanin FQ receptor to an opioid recep- 
tor using four point mutations. J. Biol Chem., 1996, 277:32016- 
32020. 

Meng, R, Xie, GJC., Thompson, R.C., Mansour, A., Goldstein, A., 
Watson, SJ., and Akil, H. Cloning and pharmacological characteri- 
zation of a rat kappa opioid receptor. Proc Natl Acad Set U.SA*, 
1993, 90:9954-9958. 

Mestek, A., Hurley, J.H., Bye, L.S., Campell, A.D., Chen, Y., Han, 
M., Liu, J., Schulman, H., and Yu, L. The human fi opioid recep- 
tor, modulation of function desensitization by calcium/calmodulin- 
dependent protein kinase and protein kinase C. J. Neurosct, 1995, 
75:2396-2406. 

Meunier, J.-C, Mollerau, C, Toll, L., Suaudeau, C, Moisand, C, 
Alvinerie, R, Butour, J.-L., Guillemot, J.-C, Ferrara, R, Monsarrat, 

B. , Mazarguil, H„ Vassart, G., Parmentier, M., and Costentin, J. 
Isolation and structure of the endogenous agonist of opioid receptor- 
like ORLi receptor. Nature, 1995, 377:532-535. 

Minami, M., Toya, T., Katao, Y, Maekawa, K., Nakamura, S., Onogi, 
T, Kaneko, S., and Satoh, M. Goning and expression of cDNA for 
the rat ^-opioid receptor. FEBS Lett, 1993, 529:291-295. 

Mollereau, C, Parmentier, M.; Mailleux, P., Butour, J.L., Moisand, 

C, Chalon, P., Caput, D., Vassart, G., and Meunier, J.-C ORLI, 
a novel member of the opioid receptor family. Cloning, functional 
expression and localization. FEBS Lett., 1994, 347:33-38. 



Monaco, S., Gehrmann, J., Raivich, G., and Kreutzberg, G.W. MHC- 
positive, ramified macrophages in the normal and injured rat periph- 
eral nervous system. J. Neurocytol, 1992, 27:623-634. 

Mosberg, H.I., Hurst, R., Hruby, VJ., Gee, K., Yamarnura, Hi 
Galligan, J.J., and Burks, T.F. Bis-penicillamine enkephalins poJ 
sess highly improved specificity toward delta opioid receptors. Prvc 
Natl Acad Sci U.S.A., 1983, 50:5871-5874. 

Mulder, A.H., Burger, D.M., Wardeh, G., Hogenboom, R, and 
Frankhuyzen, A.L. Pharmacological profile of various kappa-agonists 
at kappa-, mu- and delta-opioid receptors mediating presynaptic inhi- 
bition of neurotransmitter release in the rat brain. Br. J. Pharmacol 
1991, 702:518-522. 

Narita, M., Narita, M., Mizoguchi, H., and Tseng, L.F. Inhibition of 
protein kinase C, but not of protein kinase A, blocks the development 
of acute antinociceptive tolerance to an intrathecally administered 
/i-opioid receptor agonist in the mouse. Eur. J. Pharmacol, 1995 f 
280:R1~R3. 

Neal, C.R. Jr., Mansour, A., Reinscheid, R., Nothacker, H.P., Civelli, 
O., and Watson, SJ. Jr. Localization of orphanin FQ (nociceptin) 
peptide and messenger RNA in the central nervous system of the 
rat. J. Comp. Neurol, 1999a, 406:503-547. 

Neal, CR. Jr., Mansour, A., Reinscheid, R., Nothaker, H.P., Civelli, 0„ 
Akil, H:, and Watson, S.J. Jr. Opioid receptor-like (ORLI) receptor 
distribution in the rat central nervous system: comparison of ORLI 
receptor mRNA expression with l25 I-( !4 TVr>orphanin FQ binding. 
J. Comp. Neurol, 1999b, 472:563-605. 

Negri, L., Potenza, R.L., Corsi, R., and Melchiorri, P. Evidence for two 
subtypes of delta opioid receptors in rat brain. Eur. J. Pharmacol, 
1991, 796:335-336. 

Neumann, P.B., Henriksen, H., Grosman, N., and Christensen, CB. 
Plasma morphine concentrations during chronic oral administration 
in patients with cancer pain. Pain, 1982, 73:247-252. 

Nishi, M M Houtani, T., Noda, Y., Mamiya, X, Sato, K., Doi, X, Kuno, 
J., Takeshima, H., Nukada, X, Nabeshima, X, Yamashita, X, Noda, 
X, and Sugimoto, X Unrestrained nociceptive response and disregu- 
lation of hearing ability in mice lacking the nociceptin/orphanin FQ 
receptor. EMBO J., 1997, 76:1858-1864. 

Nothacker, H.R, Reinscheid, R.K., Mansour, A., Henningsen, R.A., 
Ardati, A., Monsma, RJ. Jr., Watson, S.J., and Civelli, O. Primary 
structure and tissue distribution of the orphanin FQ precursor. Proc. 
Natl Acad Sci. U.S.A., 1996, 95:8677-8682. 

Oka, X Enkephalin receptor in the rabbit ileum. Life Sci, I960, 
35:1889-1898. 

Okuda-Ashitaka, B M Minami, X, Tachibana, S., Yoshihara, Y., 
Nishiuchi, Y„ Kimura, X, and Ito, S. Nocistarin, a peptide that blocks 
nociceptin action in pain transmission. Nature, 1998, 392:286-289. 

Osborne, R., Joel, S., Trew, D., and Slevin, M. Morphine and metabolite 
behavior after different routes of morphine administration: demon- 
stration of the importance of the active metabolite morphine^ 
glucuronide. Clin. Pharmacol Ther., 1990, 47:12-19. 

Osborne, R.J., Joel, S.P., Trew, D., and Slevin, MX. The analgesic 
activity of morphine-6-glucuronide. Lancet, 1988, 7:828. 

Owen, J.A., Sitar, D.S., Berger, L., Brownell, L., Duke, EC, and 
Mitenko, P.A. Age-related morphine kinetics. Clin. Pharmacol Then, 
1983, 34:364-368. 

Pan, Y.X., Xu, J., and Pasternak, G.W. Cloning and expression of a 
cDNA encoding a mouse brain orphanin FQ/nociceptin precursor. 
Biochem. J., 1996, 3J5:11-13. 

Pan, Z.Z., Hirakawa, N., and Fields, H.L. A cellular mechanism for 
the bidirectional pain-modulating actions of orphanin FQ/nocicepun. 
Neuron, 2000, 26:515-522. 



CHAPTER 23 OPIOID ANALGESICS 



615 



pan, ZSL, Tershner, S.A., and Fields, HX. Cellular mechanism for 
anti-analgesic action of agonists of the K-opioid receptor. Nature, 
1997, 5SP:382-385. 

Paul, D., Standifer, KM, Inturrisi, CB. t and Pasternak, G.W. Pharma- 
cological characterization of morphine-6^-glucuronide, a very po- 
tent morphine metabolite. J. Pharmacol Exp. Then, 1989, 257:477- 
483. 

Pei, G., Kieffer, BX. t Lefkowitz, RJ., and Freedman, NJ. Agonist- 
dependent phosphorylation of the mouse delta-opioid receptor: in- 
volvement of G protein-coupled receptor kinases but not protein 
kinase C. Mol Pharmacol, 1995, 43:173-177. 

Pert, C.B., and Snyder, S.H. Opiate receptor: demonstration in nervous 
tissue. Science, 1973, 77P: 1011-1014. 

Pfeiffer, A., Brantl, V., Herz, A., and Emrich, H.M. Psychotomimesis 
mediated by kappa opiate receptors. Science, 1986, 255:774-776. 

Pick, C.G., Roques, B., Gacel, G., and Pasternak, G.W. Supraspinal 
mu2*opioid receptors mediate spmal/supraspinal morphine synergy. 
Eur. J. Pharmacol, 1992a, 220:275-277. 

Pick, C.G., Paul, D., Eison, M.S., and Pasternak, G.W. Potentiation of 
opioid analgesia by the antidepressant nefazodone. Eur. J. Pharma- 
col, 1992b, 277:375-381. 

Pilcher, W.H., Joseph, S.A., and McDonald, J.V. lmmunocytochemical 
localization of proopiomelanocortin neurons in human brain areas 
subserving stimulation analgesia. J. Neurosurg., 1988, 63:621-629. 

Popio, K.A., Jackson, D.H., Ross, A.M., Schreiner, BJP., and Yu, P.N. 
Hemodynamic and respiratory effects of morphine and butorphanol. 
Clin Pharmacol Then, 1978, 23:281-287. 

Portenoy, RJC, Khan, E„ Layman, M., Lapin, J., Malkin, M.G., Foley, 
K.M., Thaler, H.T., Cerbone, DJ., and mturrisi, CE. Chronic mor- 
phine therapy for cancer pain: plasma and cerebrospinal fluid mor- 
phine and morphine-6-glucuronide concentrations. Neurology, 1991, 
^7:1457-1461. 

Portenoy, RIC, Southam, M.A., Gupta, S.K., Lapin, J., Layman, M., 
Intarrisi, C.E., and Foley, K.M. Transdermal fentanyl for cancer pain. 
Repealed dose pharmacokinetics. Anesthesiology, 1993, 78:36-43. 

Portenoy, R.K., Thaler, H.T., mturrisi, C.E., Friedlander-Klar, H., and 
Foley, K.M. The metabolite morphine-6-glucuronide contributes to 
the analgesia produced by morphine infusion in patients with pain 
and normal renal function. Clin. Pharmacol Then, 1992, 57:422- 
431. 

Portoghese, P.S., Upowski, A.W., and Takemori, A.E. Bmaltorpbirnine 
and nor-binaltorpbimine, potent and selective kappa-opioid receptor 
antagonists. Life Set, 1987, 40:1287-1292. 

Portoghese, P.S., Sultana, M., and Takemori, AJ3. Naltrindole, a highly 
selective and potent non-peptide delta opioid receptor antagonist Eur. 
J. Pharmacol, 1988, 745:185-186. 

Reinscheid, R.K., Notnacker, HJP., Bourson, A., Ardati, A., Henningsen, 
RA., Bunzow, J.R., Grandy, D.K., Langen, H., Monsma, FJ. Jr., and 
Civelli, O. Orphanin FQ: a neuropeptide that activates an opioidlike 
G protein-coupled receptor. Science, 1995, 270:792-794. 

Rodgers, B.M., Webb; C.J., Stergios, D., and Newman, B.M. Patient- 
controlled analgesia in pediatric surgery. J. Pediatn Surg., 1988, 
2*259-262. 

Rose, PG„ Macfee, M.S., and Boswell, M.V. Fentanyl transdermal sys- 
tem overdose secondary to cutaneous hyperthermia. Anesth. Analg., 
1993,77:390-391. 

Rossi, G.C., Brown, GJ>, Leventhal, L., Yang, K. f and Pasternak, G.W. 

Novel receptor mechanisms for heroin and morphine-6/3-glucuronide 

analgesia. NeurvscL Lett., 1996a, 276:1-4. 
Rossi, G.C., Leventhal, L, Pan, Y.X., Cole, J., Su, W, Bodnar, R.J., and 

Pasternak, G.W. Antisense mapping of MOR-1 in rats: distinguish- 



ing between morphine and morphine-6^-glucuronide antinociception. 
/. Pharmacol Exp, Then, 1997, 287:109-114. 
Rossi, G.C., Leventhal, L., and Pasternak, G.W. Naloxone sensitive 
orphanin FQ-induced analgesia in mice. Eur. J. Pharmacol, 1996b, 
J77:R7-R8. 

Rossi, GC, Pan, Y.X., Brown, G.R, and Pasternak, G.W. Antisense 
mapping the MOR-1 opioid receptor: evidence for alternative splicing 
and a novel morphine-6^-glucuronide receptor. FEBS Lett., 1995, 
369:192-196. 

Rossi, G.C., Pasternak, G.W., and Bodnar, RJ. Synergistic brainstem 
interactions for morphine analgesia. Bruin Res., 1993, 624: 17 1-180. 

Roth, A. r Keren, G., Gluck, A., Braun, S., and Laniado, S. Comparison 
of nalbuphine hydrochloride versus morphine sulfate for acute my- 
ocardial infarction with elevated pulmonary artery wedge pressure. 
Am. J. Cardiol, 1988, 62:551-555. 

Rothman, R.B., Long, J.B., Bykov, V., Jacobson, A.E., Rice, K.C.,. 
and Holaday, J.W. /J-FNA binds irreversibly to the opiate receptor 
complex: in vivo and in vitro evidence. J. Pharmacol Exp. Then, 
1988, 247:405-416. 

Sadeque, AJ., Wandel, C, He, H., Shah, S., and Wood, AJ. Increased 
drug delivery to the brain by P-glycoprotein inhibition. Clin. Phar- 
macol Then, 2000, 68:231-237. 

Sawe, J., Dahlstrom, B., Paalzow, L., and Rane, A. Morphine kinetics 
in cancer patients. Clin. Pharmacol Then, 1981, 30:629-635. 

Schinkel, A.H., Wagenaar, E., Mol, C.A., and van Deemter, L. P- 
glycoprotein in the blood-brain barrier of mice influences the brain 
penetration and pharmacological activity of many drugs. J. Clin. 
Invest, 1996, 97:25 17-2524. 

Schuller, A.G., King, MA, 2fcang, J.. Bolan, E., Pan, Y.X., Morgan, 
DJ., Chang, A., Crick, M.E., Unterwald, E.M., Pasternak, G.W., 
and Pintar, J.E. Retention of heroin and morphine-6£-glucuronide 
analgesia in a new line of mice lacking exonl of MOR-1. Nat 
Neuroscl, 1999, 2:151-156. 

Schultz, J.E., Hsu, A.K., and Gross, GJ. Morphine mimics the car- 
dioprotective effect of ischemic preconditioning via a glibenclamide- 
sensitive mechanism in the rat heart GVc. Res., 1996, 75:1100-1104. 

Schulz, R., Faase, E., Wuster, M. t and Herz, A. Selective receptors for 
beta-endoiphin on the rat vas deferens. Life Set, 1979, 24:843-849. 

Schwyzer, R., Molecular mechanism of opioid receptor selection. Bio- 
chemistry, 1986, 25:6335-634£ 

Segredo, V., Burford, NT., Lameh, J., and Sadee, W. A constimtively 
internalizing and recycling mutant of the mu-opioid receptor. J. 
Neurochenu, 1997, 68:2395-2404. 

Sethna, D.H., Moffitt, E.A., Gray, R.J., Bussell, J., Raymond, M., 
Conklin, C, Shell, WJE., and Matloff, J.M. Cardiovascular effects of 
morphine in patients with coronary arterial disease. Anesth. Analg., 
1982, 67:109-114. 

Shafer, S.L., Varvel, J.R., Aziz, N., and Scott, J.C. Pharmacokinet- 
ics of fentanyl administered by computer-controlled infusion pump. 
Anesthesiology, 1990, 75:1091-1102. 

Sharma, S.K., Klee, W.A., and Nirenberg, M. Opiate-dependent mod- 
ulation of adenylate cyclase. Proc. Natl Acad. Set U.S.A., 1977, 
74:3365-3369. 

Simon, RJ., Hiller, J.M., and Edelman, L Stereospecific binding of 
the potent narcotic analgesic 3 H-etorphine to rat brain homogenate. 
Proc. Natl Acad Scl U.SJl, 1973, 70:1947-1949. 

Smith, M.T. Neuroexcitatory effects of morphine and hydromorphone: 
evidence implicating the 3-gracuronide metabolites. Clin. Exp. Phar- 
macol Physiol, 2000, 27:524-528. 

Smith, M.T., Watt, J A., and Cramond, T. Morphine-3-glucuronide — a 
potent antagonist of morphine analgesia. Life ScL, 1990, 47:579-585. 



616 



SECTION HI DRUGS ACTING ON THE CENTRAL NERVOUS SYSTEM 



Sofuoglu, M., Portoghese, P.S., and Takemori, AJE. Differential an- 
tagonism of delta opioid agonists by naltrindole and its benzofuran 
analog (NTB) in mice: evidence for delta opioid receptor subtypes. 
7. Pharmacol. Exp. Then, 1991, 257:676-680. 

Sriwatanakul, IC, Weis, O.F., AUoza, J.L., Kelvie, W., Weintraub, M., 
and Lasagna, L. Analysis of narcotic analgesic usage in the treatment 
of postoperative pain. JAMA, 1983, 250:926-929. 

Stein, C, Comisel, K., Haimert E., Yassouridis, A., Lehrberger, K., 
Herz, A., and Peter, K. Analgesic effect of intraarticular morphine 
after arthroscopic knee surgery. N. Engl J. Med., 1991, 325: 1123- 
1126. 

Strader, CD., Sigal, IS., Candelore, M.R., Rands, E., Hill, W.S., and 
Dixon, RA. Conserved aspartic acid residues 79 and 113 of the 
beta-adrenergic receptor have different roles in receptor function. 
J. Biol Chenu, 1988, 265:10267-10271. 

Surratt, C.K., Johnson, P.S., Moriwaki, A., Seidleck, B.K., Blaschak, 
C J., Wang, JJL, and Uhl, G.R. Mu opiate receptor. Charged trans- 
membrane domain amino acids are critical for agonist recognition 
and intrinsic activity. J. Biol Chenu, 1994, 269:20548-20553. 

Terenius, L. Stereospecific interaction between narcotic analgesics and 
a synaptic plasma membrane fraction of rat brain cortex. Acta 
Pharmacol Toxicol {Copenh), 1973, 32:317-320. 

Thomas, D.A., Williams, G.M., Iwata, K., Kenshalo, D.R. Jr., and 
Dubner, R. Effects of central administration of opioids on facial 
scratching in monkeys. Brain Res., J1992, 555:315-317. 

Thomas, D.A., Williams, G.M., Iwata, K., Kenshalo, D.R. Jr., and 
Dubner, R. Multiple effects of morphine on facial scratching in 
monkeys. Anestfu Analg., 1993, 77:933-935. 

Thompson, R.C., Mansour, A., Akii, H., and Watson, SJ. Cloning 
and pharmacological characterization of a rat mu opioid receptor. 
Neuron, 1993, 77:903-913. 

Thysman, S., and Preat, V. In vivo iontophoresis of fentanyl and 
sufentanil in rats: pharmacokinetics and acute antinociceptive effects. 
Anestfu Analg., 1993, 77:61-66. 

Trafton, J.A., Abbadie, C, Marchand, S., Mantyh, P.W., and Basbaum, 
AX Spinal opioid analgesia: how critical is the regulation of sub- 
stance P signaling? / NeuwscL, 1999, 79:9642-9653. 

Trapaidze, N., Keith, D.E., Cvejic, S., Evans, C.J., and Devi, L.A. 
Sequestration of the delta opioid receptor. Role of the C terminus in 
agonist-mediated mternalization. / Biol Chenu, 1996, 277:29279- 
29285. 

Trujillo, K.A., and Akil, H. Inhibition of morphine tolerance and de- 
pendence by the NMDA receptor antagonist MK-801. Science, 1991, 
257:85-87. 

Ueda, H., Miyamae, T., Hayashi, C, Watanabe, S., Fukushima, N., 
Sasaki, Y., Iwamura, T., and Misu, Y. Protein kinase C involvement 
in homologous desensitization of delta-opioid receptor coupled to 
Gil-phospholipase C activation in xenopus oocytes. /. NeuwscL, 
1995, 75:7485-7499. 

Vaughan, C.W., Ingram, S.L., Connor, M.A., and Christie, M.J. How 
opioids inhibit GABA-mediated neurotransmission. Nature, 1991, 
390:611-614. 

Vlsmara, L.A., Learn an, D.M., and Zelis, R. The effects of morphine 
on venous tone in patients with acute pulmonary edema. Circulation, 
1976, 5*335-337. 

VonVoigtlander, RE, Lahti, R.A., and Ludens, J.H. U-50,488: a se- 
lective and structurally novel non-Mu (kappa) opioid agonist X 
Pharmacol Exp. Ther, 1983, 22*7-12. 

Wallenstein, SX., Kaiko, R.F., Rogers, A.O., and Houde, R.W. 
Crossover trials in clinical analgesic assays: studies of buprenor- 
phine and morphine. Pharmacotherapy, 1986, 6:228-235. 



Wang, J.B., Johnson, P.S., Persico, A.M., Hawkins, A.L., Griffin, CA 
and Uhl, G.R. Human mu opiate receptor. cDNA and genomic clones* 
pharmacologic characterization and chromosomal assignment FEBS 
Lett., 1994, 535:217-222. ' 

Wang, J.B., Imai, Y., Eppler, CM., Gregor, P., Spivak, C.E., and Uhl, 
G.R. Mu opiate receptor cDNA cloning and expression. Proc Natl 
Acad. Sci. USA., 1993, 90:10230-10234. 

Watson, B., Meng, F, Thompson, R., and Akil, H. Structural studies of 
the mu opioid receptor using chimeric constructs. Analgesia, 1995 
7: 825-828. 

Way, W, Costley, E., and Way, E. Respiratory sensitivity of the new- 
born infant to meperidine and fentanyl. Clin. Pharmacol Then 1965 
6:454-459. 

Weihe, E., Millan, M.I., Leibold, A., Nohr, D., and Hei2, A. Co- 
localization of proenkephalin- and prodynorphin^derived opioid pep- 
tides in laminae IV/V spinal neurons revealed in arthritic rats. Neu- 
roscl Lett, 1988, 29: 1 87-1 92. 

Weinberg, D.S., Inturrisi, C.E., Reidenberg, B., Moulin, D.E, Nip, TJ., 
Wallenstein, S., Houde, R.W., and Foley, K.M. Sublingual absorption 
of selected opioid analgesics. Clin. Pharmacol Ther., 1988, 44:33$- 
342. 

Welters, I.D., Menzebach, A., Goumon, Y., Cadet, P., Menges, T., 
Hughes, T.K., Hempelmahn, G., and Stefano, G.B. Morphine inhibits 
NF-tfB nuclear binding in human neutrophils and monocytes by a 
nitric oxide-dependent mechanism. Anesthesiology, 2000, 92:1677- 
1684. 

Whistler, J.L., and von Zastrow, M. Morphine-activated opioid receptors 

elude desensitization by 0-arrestin. Proc. Natl Acad. Set U.SA, 

1998, 95:9914-9919. 
Worsley, M.H., MacLeod, A.D., Brodie, M.J., Asbury, A.J., and Clark, 

C. Inhaled fentanyl as a method of analgesia. Anaesthesia, 1990, 

45:449-451. 

Xie, Y.B., Wang, H., and SegaJoff, Dl. Extracellular domain of 
lu tropin/choriogonadotropin receptor expressed in transferred cells 
binds choriogonadotropin with high affinity. J. Biol Chenu, 1990> 
265:21411-21414. 

Xu, X.J., Hao, J.X., and Wiesenfeld-Hallin, Z. Nociceptin or antinori- 
ceptin: potent spinal antinociceptive effect of orphanin FQ/nociceprin 
in the rat. Neuroreport, 1996, 7:2092-2094. 

Xue, J.C., Chen, C, Zhu, J., Kunapuli. S., DeRiel. J.K., Yu, L., and 
Liu-Chen, L.Y. Differential binding domains of peptide and non- 
peptide ligands in the cloned rat kappa opioid receptor. J. Biol 
Chenu, 1994, 269:30195-30199. 

Yaksh, T.L., Jessell, T.M., Gamse, R., Mudge, A.W., and Leeman, S.E. 
Intrathecal morphine inhibits substance P release from mammalian 
spinal cord in vivo. Nature, 1980, 256:155-157. 

Yamamoto, T., Nozaki-Taguchi, N., and Kimura, S. Analgesic effect of 
intrathecally administered nociceptin, an opioid receptor-like 1 recep- 
tor agonist, in the rat formalin test Neuroscience, 1997, 57:249-254. 

Yasuda, K., Espinosa, R. Ill, Takeda, J., Le Beau, M.M., and Bell 
G.I. Localization of the kappa opioid receptor gene to human chro- 
mosome band 8qll.2. Genomics, 1994, 79:596-597. 

Yasuda, K., Raynor, K., Kong, H., Breder, CD., Takeda, J., Reisin*. 
T., and Bell, G.I. Cloning and functional comparison of if and J 
opioid receptors from mouse brain. Proc. Natl Acad. Set U.SA, 
1993, 90:6736-6740. 

Yeh, S.Y., Gorodetzky, C.W., and Krebs, H.A. Isolation and identifica- 
tion of morphine 3- and 6-glucuronides, morphine 3,6-diglucurowde, 
morphine 3-ethereal sulfate, normorphine, and normorphine 
glucuronide as morphine metabolites in humans. J. Pharnu Scu, 
1977, 66:1288^1293. 



CHAPTER 23 OPIOID ANALGESICS 



617 



Yoburn, B.C., Luke, M.C., Pasternak, G.W., and Intuirisi, C.E. Upreg- 
ulation of opioid receptor subtypes correlates with potency changes 
of morphine and DADLK. Ufe ScL, 1988, 45:1319-1324. 

Zadina, J.E, Hackler, L„ Ge, LJ., and Kastin, AJ. A potent and 
selective endogenous agonist for the mu-opiate receptor. Nature, 
1997, 355:499-502. 

Zagon, LS., Goodman, S.R., and McLaughlin, PJ. Characterization of 
zeta: a new opioid receptor involved in growth. Brain Res., 1989, 
452:297-305. 

Zahm* D.S., and Heimer, L. Ventral striatopallidal parts of the basal 
ganglia in the rat: I. Neurochemical copartmentation as reflected by 
the distributions of neurotensin and substance P immunoreactivity. 
/ Comp. Neurol, 1988, 272:516-535. 

dimmer, RZ., Divon, M.Y., and Vadasz, A. Influence of meperidine on 
fetal movements and heart rate beat-to-beat variability in the active 
phase of labor. Am. J. Perinatol, 1988, 5:197-200. 

Zunprich, A, Simon, T, and Hollt, V. Cloning and expression of 
an isofonn of the rat /a opioid receptor (rMORIB) which differs 
in agonist induced desensitization from rMORl. FEBS Lett., 1995, 
359:142-146. 



MONOGRAPHS AND REVIEWS 

Agency for Health Care Policy and Research. Acute Pain Management 
in Infants, Children, and Adolescents: Operative and Medical Pro- 
cedures. No. 92-0020. U.S. Dept. of Health and Human Services, 
Rockville, M.D., 1992a. 

Agency for Health Care Policy and Research. Acute Pain Management: 
Operative or Medical Procedures and Trauma, no. 92-0032. U.S. 
Dept of Health and Human Services, Rockville, M.D., 1992h. 

Agency for Health Care Policy and Research. Management of Can- 
cer Pain, no. 94-0592. U.S. Dept- of Health and Human Services, 
Rockville, M.D., 1994, 257 pp. 

Akil, H., Bronstein, D., and Mansour, A. Overview of the endoge- 
nous opioid systems: anatomical, biochemical, and functional issues. 
In, Endorphins, Opiates and Behavioural Processes (Rodgers, RJ., 
and Cooper, SJ., eds.) Wiley, Chichester, England, 1988, pp. 3- 
17. 

Akil, R, Meng, F., Devine, D.P., and Watson, S.J. Molecular and 
;: neiiroanatcrnical properties of the endogenous opioid system: impli- 
cations for treatment of opiate addiction. Semin. NeuroscL, 1997, 
9:70-83. 

Akil, H., Owens, C, Gutstein, H, Taylor, L., Curran, E., and Watson, 
S. Endogenous opioids: overview and current issues. Drug Alcohol 
.k Depend, 1998, 57:127-140. 

\' Akil, HL, and Watson, S. Cloning of kappa opioid receptors: func- 
tional significance and future directions. In, Neuroscience: From the 
-Molecular to the Cognitive. (Bloom, RE., ed.) Elsevier, Amsterdam, 
: "f". pp. 81-86. 

^ Akil, H., Watson, SJ., Young, E., Lewis, M.E., Khachaturian, H., and 
£ ■ Walker, J.M. Endogenous opioids: biology and function. Annu. Rev. 

NeuroscL, 1984, 7:223-255. 
I^AkO, H., Young, E., Walker, J.M., and Watson, SJ. The many possible 
^fif of opioids and related peptides in stress-induced analgesia. 
' Ann. N. Y. Acad ScL, 1986, 467:140-153. 

^ ?nencan ^tin Society. Principles of Analgesic Use in the Treatment 
^Vf Acute Pain and Cancer Pain. American Pain Society, Glenview, 
JftlL.. 1999, 64 pp. 

^ffcir. S. Anaphylactic shock: catecholamine actions in the response to 
^opioid antagonists. Prog. Clin. Biol. Res., 1988, 264:265-274. 



Bailey, P.L., and Stanley, T.H. Intravenous opioid anesthetics. In, Anes- 
thesia, 4th ed, vol. 1. (Miller. R.D., ed) Orurchill Livingstone, New 
York, 1994, pp. 291-387. 

Berde, C, Ablin, A., Glazer, J., Miser, A., Shapiro, B., Weisman, S., 
and Zeltzer, P. American Academy of Pediatrics Report of the Sub- 
committee on Disease-Related Pain in Childhood Cancer. Pediatrics, 
1990, 56:818-825. 

Bertorelli, R., Calo, G., Ongini, K, and Regoli, D. Nociceptiii/orphanin 
FQ and its receptor a potential target for drug discovery. Trends 
Pharmacol Set, 2000, 27:233-234. 

Brogden, R-N., Speight, T.M., and Avery, G.S. Pentazocine: a review of 
its pharmacological properties, therapeutic efficacy and dependence 
liability. Drugs, 1973, 5:6-91. 

Burkle, H., Dunbar, S., and Van Aken, H. Rernifentanil: a novel, 
short-acting, ji-opioid Anesth. Analg., 1996, £3:646-651. 

Cannon, J., and Liebeskind, J. Analgesic effects of electrical brain 
stimulation and stress. In, Neurotransmitters and Pain Control vol 
9: Pain and Headache, (Akil, H., and Lewis, J.W., eds.) Karger, 
Basel, 1987, pp. 283-294. , 

Chan, GL„ and Matzke, G.R. Effects of renal insufficiency on the 
pharmacokinetics and pharmacodynamics of opioid analgesics. Drug 
Intell Clin. Pharnu, 1987, 27:773-783. 

Christup, L.L. Morphine metabolites. Acta Anaesthesiol Scdnd, 1997, 
47:116-122. 

Cooper, S. Interactions between endogenous opioids and dopamine: 
implications for reward and aversion. In, The Mesolimbic Dopamine 
System: From Motivation to Action. (Willner, P., and Scheel-Kruger, 
J., eds.) Wiley, Chichester, England; 1991, pp. 331-366. 

Coupar, LM. Opioid action on the intestine: the importance of the 
intestinal mucosa. Ufe ScL, 1987, 47:917-925. 

Duggan, A.W., and North, RA. Electrophysiology of opioids. Phar- 
macol Rev., 1983, 55:219-281. 

Du Pen, SI^ Du Pen, A.R., Polissar, N., Hansberry, L, Kraybill, 
B.M., Stillman, M., Panke, J., Everly, R., and Syrjala, K. Imple- 
menting guidelines for cancer pain management: results of a ran- 
domized controlled clinical trial. /. Clin. Oncol, 1999, 77:361- 
370. 

Duthie, DJ. Rernifentanil and tramadoL Br. J. Anaestfu, 1998, 87:51- 
57. 

Duthie, DJ., and Nimmo, W.S. Adverse effects of opioid analgesic 

drugs. Br. J. Anaesth., 1987, 59:61-77. 
Eddy, N.B., Friebel, H., Hahn, KJ., and Halbach, H. Codeine and 

its alternates for pain and cough relief. Bull World Health Organ., 

1969, 40:639-719. 
Faden, A.I. Role of thyrotropin-releasing hormone and opiate receptor 

antagonists in limiting central nervous system injury. Adv. Neurol, 

1988, 47:531-546. 
Fields, H.L., Heinricher, M.M., and Mason, P. Neurotransmitters in 

nociceptive modulatory circuits. Annu. Rev. NeuroscL, 1991, 74:219- 

245. 

Findlay, J.W. Pholcodine. I Clin. Pharm. Then, 1988, 75:5-17. 
Fishbume, J.I. Systemic analgesia during labor. Clin. Perinatol, 1982, 
9:29-53. 

Foley, K.M. The treatment of cancer pain. N. Engl J. Med, 1985, 
575:84-95. 

Foley, K.M. Opioid analgesics in clinical pain management In, Hand- 
book of Experimental Pharmacology, vol 104/H: Opioids 77. (Herz, 
A., ed.) Springer-Verlag, Berlin, 1993, pp. 693-743. 

Glass, P.S., Gan, TJ., and Howell, S. A review of the pharmacokinetics 
and pharmacodynamics of rernifentanil. Anesth Analg., 1999, 59:S7- 
S14. 



618 



SECTION BDi DRUGS ACTING ON THE CENTRAL NERVOUS SYSTEM 



Gonzalez, IP., and Brogden, RJM. Naltrexone. A review of its pharma- 
codynamic and pharmacokinetic properties and therapeutic efficacy 
in the management of opioid dependence. Drugs, 1988, 55:192- 
213. 

Grossman, A. Opioids and stress in man. J. Endocrinol, 1988, 779: 
377-381. 

Grossman, S., Benedetti, C, Payne, R., and Syrjala, K. NCCN practice 

guidelines for cancer pain. NCCN Pwc., 1999, 75:33-44. 
Gustafsson, L.L., and Wiesenfeld-Hallin, Z. Spinal opioid analgesia. A 

critical update. Drugs, 1988, 55:597-603. 
Harris, J.A. Descending antinociceptive mechanisms in the brainstem: 

their role in the animal's defensive system. J. Physiol Paris, 1996, 

90:15-25. 

Heimer, L,, Switzer, R., and Hoesen, G.V. Ventral striatum and ventral 
pallidum. Components of the motor system? Trends NeuwscL, 1982, 
5:83087. 

Herz, A., ed. Handbook of Experimental Pharmacology, vol 104/1: 
Opioids. Springer-Verlag, Berlin, 1993. 

Holmes, B., and Ward, A. Meptazinol. A review of its pharmaco- 
dynamic and pharmacokinetic properties and therapeutic efficacy. 
Drugs, 1985, 50:285-312. 

Howlett, T.A., and Rees, L.H. Endogenous opioid peptides and 
hypothalamo-pituitary function. Anna. Rev. Physiol, 1986, 45:527- 
536. 

International Association for the Study of Pain. Management of 
Acute Pain: A Practical Guide. IASP Publications, Seattle, W.A., 
199Z 

Kilpatrick, GJ., Dautzenberg, RM., Martin, G.R., and Eglen, R.M. 
7TM receptors: the splicing on the cake. Trends Pharmacol ScL, 
1999, 20:294-301. 

Koob, GJ 7 ., and Bloom, EE. Cellular and molecular mechanisms of 
drug dependence. Science, 1988, 242:715-723. 

Kreek, M X Methadone in treatment physiological and pharmacologi- 
cal issues. In, Handbook on Drug Abuse. (Dupont, R.L., Goldstein, 
A., and O'Donnell, J., eds.) U.S. Government Printing Office, Wash- 
ington, D.C., 1979, pp. 57-86. 

Kromer, W. Endogenous and exogenous opioids in the control of gas- 
trointestinal motility and secretion. Pharmacol Rev., 1988, 40:121- 
162. 

Lewis, J., Mansour, A., Khachaturian, R, Watson, S., and Akil, H. 

Neurotransmitters and pain control. In, Neurotransmitters and Pain 

Control, vol 9: Pain and Headache. (Akil, H., and Lewis, J.W., 

eds.) Karger, Basil, 1987, pp. 129-159. 
Lewis, K.S., and Han, N.H Tramadol: a new centrally acting analgesic. 

Am, J. Health Syst. Pharm, 1997, 54:643-652. 
Manara, L., and Bianchetti, A. The central and peripheral influences 

of opioids on gastrointestinal propulsion. Annu. Rev. Pharmacol 

Toxicol, 1985, 25:249-273. 
Mansour, A., Fox, C.A., Akil, H., and Watson, SJ. Opioid-receptor 

mRNA expression in the rat CNS: anatomical and functional impli- 
cations. Trends NeurvscL, 1995, 75:22-29. 
Mansour, A., Khachaturian, H., Lewis, M.E., Akil, H., and Watson, 

SJ. Anatomy of CNS opioid receptors. Trends NeuwscL, 1988, 

77:308-314. 

Martin, W.R. Pharmacology of opioids. Pharmacol Rev., 1983, 
55:283-323. 

McCleskey, E.W., and Gold, M.S. Ion channels of nociception. Annu. 

Rev. Physiol, 1999, 57:835-856. 
McGinty, J., and Friedman, D. Opioids in the hippocampus. Natl Inst 

Drug Abuse Res. Monogr. Sen, 1988, 52:1-145. 



McQuay, H.J. Pharmacological treatment of neuralgic and neuronathi 
pain. Cancer Surv., 1988, 7:141-159. " P 

Milne, R.W., Nation, R.L., and Somogyi, A.A. The disposition of 
morphine and its 3- and 6-gIucuronide metabolites in humans and 
animals, and the importance of the metabolites to the pharmacolog- 
ical effects of morphine. Drug Metab. Rev., 1996, 25:345-472. 

Misra, A.L. Metabolism of opiates. In, Factors Affecting the Action of 
Narcotics. (Adler, MX., Manara, L., and Samanin, R., eds.) Raven 
Press, New York, 1978, pp. 297-343. 

Monk, J.P., Beresford, R., and Ward, A. Sufentanil. A review of its 
pharmacological properties and therapeutic use. Drugs, 1988 36- 
286-313. ' ' 

Mulder, A., and Schoffelraeer, A. multiple opioid receptors and presy- 
naptic modulation of neurotransmitter release in the brain. In, Hand- 
book of Experimental Pharmacology, vol 104/1: Opioids. (Herz, A 
ed.) Springer-Verlag, Berlin, 1993, pp. 125-144. 

Nesder, E.J., and Aghajanian, GJC Molecular and cellular basis of 
addiction. Science, 1997, 275:58-63. 

Page, G.G., and Ben-Eliyahu, S. The immune-suppressive nature of 
pain. Semin. Oncol Nurs., 1997, 75:10-15. 

Pasternak, G.W. Multiple morphine and enkephalin receptors: biochem- 
ical and pharmacological aspects. Ann. N.Y. Acad.. ScL, 1986, 467' 
130-139. 

Pasternak, G.W. Pharmacological mechanisms of opioid analgesics. 
Clin. Neuropharmacol., 1993, 76:1-18. 

Pasternak, G.W., and Standifer, K.M. Mapping of opioid receptors using 
antisense oligodeoxynucleotides: correlating their molecular biology 
and pharmacology. Trends Pharmacol Sci., 1995, 76344-350. 

Patel, S.S., and Spencer, CM. Remifentanil. Drugs, 1996, 52:417-427. 

Payne, R. Transdermal fentanyl: suggested recommendations for clinical 
use. 7. Pain Sympt. Manage., 1992, 7:S40-S44. 

Portenoy, R.K. Chronic opioid therapy in nonmalignant pain. J. Pain 
Sympt Manage., 1990, 5:S46-S62. 

Portoghese, PS. Bivalent ligands and the message-address concept in 
the design of selective opioid receptor antagonists. Trends Pharma- 
col. Sci., 1989, 70:230-235. 

Risdahl, J.M., Khanna, K.V., Peterson, P.K., and Molitor, T.W. Opiates 
and infection. J. Neuroimmunol, 1998, 55:4-18. 

Rumore, M.M., and Schlichting, D.A. Clinical efficacy of antihis- 
tamines as analgesics. Pain, 1986, 25:7-22. 

Sanford, T., and Gutstein, H.B. Fentanyl, sufentanil, and alfentanil: 
comparative pharmacology. Clin. Anesth. Updates, 1995, 6:1-20. 

Sawynok, J. The therapeutic use of heroin: a review of the pharmaco- 
logical literature. Can. J. Physiol Pharmacol, 1986, 64:1-6. 

Sharp, B., and Yaksh, T. Pain killers of the immune system. Nat Med., 
1991, 5:831-832. 

Shippenberg, T.S., Herz, A., Spanagel, R., Bals-Kubik, R.» and 
Stein, C. Conditioning of opioid reinforcement: neuroanatomical and 
neurochemical substrates. Ann. N. Y. Acad. ScL, 1992, 654:347- 

356. 

Shnider, S.M., and Levinson, G. Anesthesia for Obstetrics. Williams 

& Wilkins, Baltimore, 1987. 
Stack, C.G., Rogers, P., and Linter, S.P. Monoamine oxidase inhibitors 

and anesthesia. A review. Br J. Anaestk, 1988, 60:222-227. 
Staritz, M. Pharmacology of the sphincter of Oddi. Endoscopy, 1988, 

20(suppL)km-m. 
Stein, C. Peripheral mechanisms of opioid analgesia. Anesth. Armlg-, 

1993, 76:182-191. 
Stein, C. The control of pain in peripheral tissue by opioids. N. Engl 

J. Med, 1995, 552:1685-1690. 



CHAPTER 23 OPIOID ANALGESICS 



619 



Willnei, P., Ahlenius, S., Muscat, R., and Scbeel-Kruger, J. The 
mesolimbic dopamine system. In, The Mesolimbic Dopamine Sys- 
tem: From Motivation to Action. (WUlner, J., and Scheel-Kruger, J., 
eds.) Wiley, Chichester, England, 1991. 

World Health Organization. Cancer Pain Relief and Palliative Care: 
Report of a WHO Expert Committee World Health Organization, 
Geneva, Switzerland, 1990. 



World Health Organization. Cancer Pain Relief and Palliative Care 
in Children. World Health Organization, Geneva, Switzerland, 
1998. 

Yaksh, XL. CNS mechanisms of pain and analgesia. Cancer Surv., 
1988, 7:5-28. 

Yaster, M., and Deshpande, J.K. Management of pediatric pain with 
opioid analgesics. /. Pediatn, 1988, 775:421-429. 



Acknowledgement 

The authors wish to acknowledge Drs. Terry Reisine and Gavril Pasternak, authors of this chapter in the 
ninth edition of Goodman and Gibnan's The Pharmacological Basis of Therapeutics, some of whose text 
has been retained in this edition. 



Dedication 

The authors would like to dedicate this chapter to the memory of Dr. Thomas F. Burks, colleague and 
friend, who had a major impact on the field of opioid pharmacology. 



